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soley because they are considered essential to the object of
this report.

The contents of this report reflect the views of the Coast
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for the facts and accuracy of data presented. This report
does not constitute a standard , specification, or regulation.

@MJ%?

AMUEL F. POWEL, i
Technical Director

U.S. Coast Guard Research and Development Center
Avery Point, Groton, Connecticut 06340

~

[ v = i y——————— T — e v i v o e e e e e e i .
. e v e T T TN i A ; RS Al e s R AR Y A A AL Al |

'
s oacn e

—

PP




T e -

SO S GG EDEEN M
o -

LB o ar i e An MR At B ' ane S nh A adiE RN N

- B Rt ara R
L v e ns et Sak et Rl B At B/t Radh N

Technical Report Documentation Page

1. Reoort No.

CG-D-33-84

2. Government Accgssion No.

AD-pIH7 6F5

3. Fecipient’'s Cataiog No.

4. Title ana Subdbtitle

Atlas of the Beaufort Sea

S. Report Date
October 1984

6. Pertorming Qrganization Code

7. Author(s)
Ivan M. Lissauer, L.E. Hachmeister, B.J. Morson

8. Pertorming Qrganizauon Report No.
CGR&DC 17/84

9. Pertorming Organization Name and Address

U.S. Coast Guard Research Science Applications, Inc.
Research and Dev. Center 13400B Northrup Way #36

Avery Point Bellevue, WA 98005
Groton, CT 06340

10. Work Umit No. (TRAIS)

11. Contract ar Grant Na.

12. Sponsornng Agency Name and Adaress
Department of Transportation
U.S. Coast Guard
Office of Research and Development
Washington, D.C. 20593

13. Tyoe of Report and Period Coverea

FINAL REPORT

14, Sponsaring Agancy Cade

15, Supplementary Notes

18. Abstract

This is a
climatology.

tides, riverine input, ice conditions,
Alaskan Beaufort Sea.

reference document on

two typical wind conditions:
knots.

as well as charts of mean ice drift over time.

The ice section gives information on the ice zones, including the annual ice
cycle within the nearshore area, the freezing and breakup of nearshore ice,

and the movement of the pack ice.

oceanography,
The oceanography section contains information for circulation,
storm surges and bathymetry of the

From review of information on meteorology, climate, ice
conditions, and oceanography, maps have been generated showing circulation in
ENE wind at 10 knots and NW storm wind at 30

These maps show tides, storm surges, bathymetry and river discharges

The meteorology section
contains information on winds, storm surges and waves.

manual forecast system for estimating the height of a storm surge.

meteorology, ice and

Included is a rapid

The climatology section includes information on the arctic climate,
temperature information (including wind chill charts), visibility, and
precipitation.

T <y Worcs 18. Sistribution Statement
Atlas Meteorology Document is available to the U.S. public
Seaufort Sea Ice through the National Technical Iaformation
Cceanography Clizatology Service, Springfield, VA 22161

"3, Secunty llassil. (ot ‘s ragort)

29. SECURITY CLASSIF. [of ‘s page)

TNCLASSITIED CNCLASSIFIED

21. No. ot Pages 22. rice

Form DOT F 1700.7 (8/72) Resrocuction of form and comoieted oage is suthorized.

I
e Lo

»
F

¥
e
DN VI WUGI N W3

.
RPN S W |

lad,

NN



v . e o 1|1liﬁ A.. .- -.. T nd v e Y 1111{1]‘.. Al LA M ok At St S e . 3 Y ) .aT.l.J T B § ] oy - WH.W.! Pl \ gl AT J

- a a - PY H a V- Y o

1

. ‘

.h. 4

x '98Z 01 €12 ON Dojeied as “,

2 o oﬂ. og , 08 . 02 @ orw .Oeo.vu ‘§2'2S odMid ‘88INSBOYY PUP SIYBIeM 10 SIIUN '9BZ 19Nd ISIN SEN e8s !

. a-* J. JHq- .....-. = = . (A ° 7z = u

b 42 —O& M -r 08 Qv_. 4,00- m M Ell m sajqe) peojejap ejow pus n:o.a.o>=oMN.nuo=-o 10yjo 104 (A1o8%8) pS'Z (2 |

r . E — £ emjesodwa) BuyjoeI1qns emjesadwa) .

4 8M)8Iadwd) (2€ ppo anjesadwa) N m m.ul Do SIS 1eyje) 6/5 nayuoye 4 40 ol

L. 4o woyuamed  uewl) /6 sMs(aD % e B = — (1ovx3) IHNLVHIINIL o

' il = - .
g (19vx3) JHNLVHIdWIL . —= = Lw $19)0W 2/Gnd 920 spie4 2igna cPA
9 —= = e §10)3W JKQND €00 199} 21qNd et

w.. ePA spiek oiqno ci s19)2w J)qNd 2 —= I | s1am 8¢ suopet 1eb .

9 cY 100 qNd sE $18)2W 24QNO e = = ~ i s 60 spenb b .

g 20 suoyed 920 s \ ] = = ) s13)8 10 sjud id .

3 b s)ienb 201 s1914 | = — I s19) ¥20 sdno 2 K

. d siud (34 s1910 1 2 = = jw ot s82UNo PNy o i

. 2 sdnd I YAW ) s13M 1 e —= T Jw Sl suoodsa|qe) dsqy P

N o $82uUn0 pINY) £00 siopnw jw = = © w SIapMIW S suoodsea) dsy i

3 3INNT0A o TE=E 3INNTOA z

3 3 "= = l s9uu0) 60 (a1 0002) SUOl 1I0YS

su0} poys N} (6% 0001 ) seuuo) ) N = = < By sweibopy Sv0 spunod ql )

X q spunod ze swebopy ox o H.||,.1|m — 6 sweib [:Y4 saouno z0 !

1o soouno €00 swo.0 ° 3 = I (1Ho13m) SSYW ‘

M = I

L (1vo13m) SSVN s —= £ ey saseoay vo sa1oe !

- €9108 G2 :E 000°01)s0ie)03y ey = nHl w NE.. siajowopy sienbs 92 sapw aenbs Pl 1

b W soyw osends o s1ajowopy aienbs MM 2 T - v s1ajaw aienbs 80 spieA osenbs A Cd

b, 2PA spieh esenbs ' si0jow asenbs P - = = 2w s1010W 21eNbS 600 199) oienbs 2H i

W $8youy esenbs 910 $13)3wuas alenbs ZW? [ milm = ZWo  s1ajduNuad eienbs S9 soeyouy asenbs PAL] .,

ERL s —= = o ELRL] _

. w sopw 90 s1a)2Wwopy wy N = - . -

S womi eow w3 TE S wx seowow o - S

! " 109} ee S10)0W w N = = w $13)0W 60 p p o

L u $9Youy $0 $19)Wpuad wo 2] = = wd si3jownued o€ 183} u 4

’ up SoYou} y00 s18)ouww ww N e ~ wo 5J9)aunjuad S¢C %k SaLOU w _

H19ON3TT = = H19DN3I 4

8 = = o

== - i

joquisg pui4 o} Ag Aidiiny MOUY NOA UBYAM [OqWAS 4, E = 5 joqwAg pui4 of Ag AdyniN MOU) NOA UBYM (0QuuAS “

=5 = 4

e — -y !

n = =" .

SaINSBI OO WOJj SUO|SIdAUO0D djewrxosddy [~ = = saINSeapy O} O} SUOISI9AUO0) djewixoiddy .m

© == " [ A

T

4

;4

AP

. 1

: SHOLIOVd NOISHIANOD JId13IN y

1

q

. 1

1 . 4

. .. v h_

h ., (

S * .w. h% . X




e At Rt Tl Sl Ol T T e
o - ————— T T T ST AL W L e 2o e i AR Sad S Rl Al S S WS TN,

TABLE OF CONTENTS
( o SECTION A - OCEANOGRAPHY Page :
' ]o INTRODUCTION. @ ¢ ¢ 6 ¢ o ¢ e @ ¢ ¢ 6 ¢ O ¢ o e @ o 0 o o 0 & o o A-z f

2. THE PHYSICAL ENVIRONMENT. . . . . . «
3. GENERAL CIRCULATION . . . + ¢ ¢ ¢ o &

s 6 ¢ o e o o o & o o o o o A-7

e 6 o e ¢ o o ¢ ° o o o o A-g

4. CONTINENTAL SHELF CIRCULATION L] L] . * L] L4 L] . L . L] L) . . L] ° . . A-1 3

4.1outerShe1f..-..-....o....o......... A~13
4.2 Inner Shelf. . .. .. ...

3 3.1 011 Spill Transport. . . . . . .
5!-

o ¢ o 0 o e ¢ o o o 6 o 0 e o @ A"13

5. LAGOON AND NEARSHORE CIRCULATION. .« « 4 ¢ ¢ ¢ ¢ ¢ o o o o o o o o A-24

5.1 OpenlLagoons . ... ...

¢« 6 o 6 ¢ @ o ¢ o 8 ¢ o e e o * o A-24 - 4
} 5.2 PU‘Sing LQQOOﬂS- e e ¢ o o 0 e € & ° e e 0 e+ e ¢ ¢ 0 s e 0 0 A-zs 1
 © 5.3 Limited Exchange Lagoons . . o v v v o o o ¢ o o o s o o o » A-27

. TIDES @ @ & @ @ @€ @ & 8 s S B S @ " O » O 9 e 4 o O s+ o e o s 2+ . A‘so

6

7. RIVEROISCHARGE . « &« ¢ ¢ v o o o & o & c e e e e s e e e e e e A-55
8

9

L) STOR" SURGE ® o e & o & e & o o

e W 1

32 S A-65 g
1O, BATHYMETRY. & & v ¢ o ¢ ¢ e o o o o o o ¢ o o s o o o o o o o o A-73 ]
SECTION B - METEOROLOGY ]
M. WINDS .« . . . . . e e e e e e e e e B-3 B
T2, STORM SURGES. « « « o ¢ v o o o ¢ o o o o o o o o s o a o o o o B-20 Tl
12.1 Rapid Manual Forecast for Predicting Storm Surges . . . . . 8-21 fT

13, WAVES . . . . . :

® & & o & & o o o e o o v oo

e © e o 2 o o & © e o 3-26
SECTION C - ICE

14, ICE ZONES. . . . . .. C e e e e et e e e e e -2 B

1 5 . SHOREFAST ICE ..... e * o o o o ® o & o 4 * e & ¢ e e o e o o C"3

15.1 Annual Ice Cycle Within the YNearshore Area
of the 3eaufort Sea (Average Conditions). . , . . . . . . . c-4
15.2 Freezing and 3reakup of Nearshore Ice . . . . . . . .« « . . c-5

168, PACK ICE. & v v v i v v e e i i e ettt e s e e e e c-8

. e N I U U WO a S Aa S lan
e et atar et e tat A a A alial L e EE———




gy v iR AR Aa Ty
L‘V\ COLTI Y V-V T W MY - . - - -

> Ty

e AREERNGH N

ol

T

TABLE QF CONTENTS (cont'd)

SECTION D - CLIMATOLOGY

17. ARCTIC CHARACTERISTICS. .
18. SUNLIGHT. . . . . . . ..
19. TEMPERATWRE . . . . . . .
20. VISIBILITY, . ... ...
21, PRECIPITATION . . . . . .
22. CLIMATOLOGICAL PARAMETERS . . .
SECTION E - CASE HISTORIES

23. CASE HISTORIES. . . .
SECTION F - REFERENCES

24, REFERENCES. . . . . .

i

B . R ) .
R N SR U N Yo tha W Dl Sy O IV GO Waw S

N VD G A S\

2 Sl

L] L
. L
. L4
L *
. L
* o
LI

NI SR G S W

Page

0-2
0-4
0-8
D-13
0-16
0-19

E-1

< .
L .
PO

>




g o o ol dund

SIS — ML

T | R g

11

12

13

14

15

16

17

18

2% e Do 2se 3
LA e gea g < Sd b S O AN

LIST OF FIGURES

TR TR Y e T (T Y LT T Al W

Page
General circulation patterns in the Beaufort Sea . . . . . . A-8
Locations of current estimate charts for Continental
Shelf circulation A-16
Current estimates for Barrow to Cape Halkett region
under 10 kt NE wind. - . L] * L] - . A d . . * L d - L[] . L] . L] L d L) A-]7
Current estimates for Barrow to Cape Halkett region
under 30 kt NW wind. . . . & v v ¢ ¢ o o e o o o o s o o o o A-18
Current estimates for Cape Halkett to Canning River
under TOKE NEwind, . . . . . o ¢ v 0 v v v 0 o 0 o v o oo A-19
Current estimates for Cape Halkett to Canning River
under 30 kt N" wi nd. L2 L] . * * L) L4 L] L] . L] L L L] L d L] [ ] L4 * . A-ZO
Current estimates for Canning River to Demarcation Point
under 10 kt NE wind. L . L] L) L] L ] . L4 . * . * * L] L] L L] L4 L . A-21
Current estimates for Canning River to Demarcation Point
Uﬂder30ktNNH"ﬂd.-................... A-zz
Basic lagoon types: open, pulsing, and Yimited exchange . . A-28
Combined wind and tidal effects in a pulsing Tagoon such
as POkOk Bay and AngUﬂ Lagoon. e ® e e 6 o ¢ e e ¢ » e e * o A"zg
Locations of current estimate charts for Lagoon and
Nearshore circulation A-30
Nearshaore current estimates for Cape Halkett to Thetis
Istland under TO Kt NE wind., . . . . v ¢ ¢ ¢ ¢ v 4 o o o o & A-31
Nearshore current estimates for Cape Halkett to Thetis
IS]andUnder‘:mktNHWind. ® e & e o o '.. * ® e o e e o o A"32
Nearshore current estimates for western Simpson Lagoon
Under10ktNEVind.-..........o........ A'33
Nearshore current estimates for western Simpson Lagoon
Under 30 kt Nu \d'i ndo 4 & ® o e ® & e o o & & e ®© o s e o o A-34
Nearshore current estimates for eastern Simpson Lagoon
under TOKE NEwind., . . . . v v v e v v o v o o« o o o s A-35
Nearshore current estimates for eastern Simpson Lagoon
under 30 kt NW wind. . . . . . . v v v v v v b e e e e A-36
Mearshore current estimates for Prudhoe Bay to Tigvariak
Island under TO KT NE Wind . . . v ¢ v v v v v v o o o o o & A-37

ii4

el

e




T
L Sada O AN

21

22

23

24

25

26

27

28

29

30
31
32
33
4

35

36
37

bl e~ ] .—s‘_wvxw_v,-fw_v>-ﬁ._ﬁ--_-_v...v.ﬁ, . .

LIST OF FIGURES (cont'd)

Nearshore current estimates for Prudhoe Bay to Tigvarfak
Island under 30 kKt NW wind . . . . ¢« ¢ ¢ ¢ ¢ o ¢« v ¢ o &

Nearshore current estimates for Tigvariak Island to
Canning River under 10 kKt NE wind, . . . . . . . . .

Nearshore current estimates for Tigvariak Island to
Canning River under 30 kKt NW wind, . . . . . . . . &

Nearshore current estimates for Canning River to
Barter Island under 10 kKt NEwind, . . . . . . . . .

Nearshore current estimates far Canning River to
Barter Island under 30 Kt NW wind, . . . . . . . . .

Nearshore current estimates for Jago Lagoon to
Pokok Bay under 10 kt NEwind. « . ¢« ¢« ¢« ¢ ¢ o & & &

Nearshore current estimates for Jago Lagoon to
Pokok Bay under 30 kt N wind. . . . . . ¢« ¢ v ¢ & o &

Nearshore current estimates for Pokok Bay to Ai¢hilik
Riverunder 1O Kt NEwind. . . . ¢« ¢ ¢ ¢ ¢ ¢ s 4o o o &

Nearshore current estimates for Pokok Bay to
Aichilik River under 30 kt NWwind . . . . . . . .

Nearshore current estimates for Egaksrak Lagann to
Demarcation Bay under 10 kt NE wind. . . . . . . .

Nearshore current estimates for Egaksrak Lagoon to
Demarcation Bay under 30 kt NW wind. . . . . . . .

Anplitude of the 112 tide in the Beaufort Sea

e o @ & o o o o

Tidal ellipses in the Beaufort Sea . . . « « « .« .

« & o s e

Qver-ice flow of the Colville River during breakup .

Mean daily discharge of the Sagavanirktok River: 1971, 1973,
ean daily discharge of the Kuparuk River: 1972, 1973. . . .
Height of 1970 storm surge above mean sea level,

as measured from the elevation of driftwood found
on the mainland and on the islands .

e e & o & s e s o .

Track of ice drifter bugys off the Alaskan coast in 1979 . .

Track of ice driftar buoys off the Alaskan coast in 1380 . .

iv

Page
A-38
A-39
A-40
A-41
A-42
A-43
A-44
A-45
A-46
A-47

A-48
A-52
A-53
A-58
A-59
A-60

A-83
A-63

A-49

A
N

OV IR DU vaPun

2 a



Y

@ -

42
43

45
46
47

49
50
51

52

53

54

55

~4

(V])

58

LIST OF FIGURES (cont'd)

it R Rt

Page
Track of ice drifter buoys off the Alaskan coast in 1981 . . A-70
Track of ice drifter buoys off the Alaskan coast in 1982 , . A-71
Depth contours from Barrow to Cape Halkett . . . . . . . . A-74
Depth contours from Cape Halkett to Thetis Island. . . . . . A-75
Depth contours from Spy Island to Bertaoncini Island. . . . . A-76
Depth contours from Cottle Island to Prudhoe Bay . . . . . . A-77
Depth contours from Prudhoe Bay to Tigvariak Island. . . . . A-78
Depth contours from Tigvariak Island to Canning River. . . . A-79
Depth contours from Brownlow Point to Barter Island. . . . . A-80
Oepth contours from Jago Lagoon to Pokok Bay . . . . . . . . A-81
Depth contours from Pakok Bay to Aichilik River. . . . . .. A-82
Depth contours from Egaksrak Lagoon to Demarcation Bay . . . A-83
General locatfon map of coastal areas of Alaska. . . . . . . B-5
Geographic locatiaons along the Beaufort Sea coast from
the U.S.‘Caﬂad‘ian BOI‘dEl" a o o & ® ® o e e e+ & e o o e+ » . 8-6
Characteristics of the wind at Point Barrow
aﬂdBa?‘te?‘IS1aﬂd........-..¢........ . 8‘7
Prevailing wind directions in the Arctic Basin during
the mid-wintar months. . . & & ¢ ¢ ¢ ¢ 4 ¢ o ¢ ¢ o ¢« o o o o B-8
Prevailing wind directions in the Arctic Basin during
the mid-sumer mOﬂthS. ® & o ¢ e ® 8 8 & & e e e e ° e e e B'g
Primary and secondary storm tracks for the North Slope
of Alaska. . & 4 4 4 ¢ ¢ o ¢ o & e e e e e e e e 8-10
Paths of meteorological systems that have caused
StorMm surges . . . . . . . . . . e e e s e e e e e e s B-23
Curve of surge height vs. frequency of occurrence for
storm surges in the 3eaufort Sea . . . . . . o e e e e e e B-24
Extreme northern and extreme southern latitude of the
mack iceedge - July . . . . . .. .. e e e e e e e e e e c-9

S S G

PSR EPEray v

2 s

.
Adho g

")

" .

PUDIT I WY VL PO s O |

[P W e



-

N

ey

———reY

61

62
63
64
65
66

67

68

69

70

n

72

v e & Ao ShAn e I AL Jn a0 NAR. wui it Aol S Wb A it el il Vi P A AL
o) . A

LIST OF FIGURES (cont'd)

Extreme northern and extreme southern latitude
pack jce edge - August . . . . . v ¢ e 4 v 4 »

Extreme northern and extreme southerm latitude
paCk ice edge - Septembero e o ¢ ® ¢ o e € o @

Extreme northern and extreme southern latitude
DaCk 1C9 Edge - OCtObel’. ® e 6 e ° o o ® e o @

Mean latitude of the pack ice edge - July. . .
Mean latitude of the pack ice edge - August. .
Mean latitude of the pack ice edge - September
Mean latitude of the pack ice edge - October .

Mean and extreme ice cover (%) along the
Beaufqrt Sea Coast - August. . . . . . « +. . .
lean and extreme ice cover (%) along the
Beaufort Sea Coast - September . . . . . . . .
Mean and extreme ice cover (%) along the
Beaufort Sea Coast - Qctober

e e & e o & 0 e o

Hours of continuous sunlight on a monthly basis
for northern latitudes . . . . . ... .. ..

Hours of continuous sunlight and twilight on a
monthly basis for northern latitudes . . . . .

Hdonthly graphs of the percentage probability of
occurrence of free air temperatures. . . . . .

YMonthly graphs of the percentage probability of
occurrence of equivalent chill temperature .

vi

LSO C L SO B

of the

¢ s ® e ° o &

of the

of the

. L] . . * L] °

e o o o * o o

® o o e * o o

¢ o o o o o o

e & o e ¢ o o

e ® & & o s e+

Page

c-10

c-12
C-13
c-14
C-15
c-16

c-17

SRR
PSR SAD)




Tl T T T

YT T

LERMR IR — JuinIn ade re g~ M

Niadks Aol

10

N

12

13

14

LIST OF TABLES

Hydrographic data for major rivers entering
the A]&Skaﬂ BQBUfOP’t Sea e o o o ® ¢ © e o o ¢ ¢ o o

Areal extent of river overflow on sea ice in spring.
Average monthly ice drift speeds . . . . . . . . . .

Mean monthly wind speed values for sixteen direct
Ofthecompass'sarterIS]and.-....... A e o e e
Mean monthly wind speed values for sixteen directic

of the compass - Point Barrow. . « ¢« ¢ ¢« ¢ &+ ¢ o ¢ o « o &
lonthly percentage frequency of occurrence of wind
direction for sixteen directions of the compass -
Barter Is]andO. . L] L] L4 L) L] * L] - L] L] L . - - . . . A4

Monthly percentage frequency of occurrence of wind
direction for sixteen directions of the compass -
Point Barrow . . v ¢ ¢ 4t et e e e e e e e s e e e e

dind-percentage frequency of occurrence by speed groups
for Point Barrow and Barter Island by month. Extreme
monthly wind speeds for both locations by month, . . . .

Percentage frequency of occurrence of wind direction
and speed for Barter Island. . . . . . . ¢ ¢ ¢ ¢ v v ¢ o ..
a) Average winds in the Beaufort Sea area by month for
Point Barrow, Prudhoe Bay and Barter Island; b) Extreme
(one-minute) winds in the Beaufort Sea area by month

for Point Barrow, Prudhoe Bay and Barter Island

4ind spead data by month for Point Barrow and
3arter I[sland.

...... ¢ ® & % s B s e & e ¢ e s & & e o

Sea height vs. direction from 11 July to 31 October
for the central Beaufort Sea coast

Sea height vs. directions from 11 July %o 31 October
for the eastern 3eaufort Sea coast

Sea height vs. direction from 1 July to 20 November
for the wastern Jeaufort Sea coast . . . .

4ind speed ind direction vs. sea height from 11 July
%3 31 Cctober for the central Seaufort Sea coast . .

dind speed and direction vs. sea height from 11 July
to 31 Cctober for the aastern 3Jeaufort Sea coast

vii

€ tatatan . PP Wy PPV i

Page

A-56
A-57
A-67

B-13

B-14

8-18

8-27

8-30

3-3

B e D

PR P W Gy

,
- 1 YRR
.. . . s

. R . NEPRS

. LS . . 0
O Lo

R TLINY W

P
An'at

. .
o W I PN

ot

PR

A A 4 ad f oA a beala

o




f

\ s

Table

17
18
19
20
21
22
23
24
25
25

27

28

29

- 3 ~ L aars i s i A
T T T T T - R S

LIST OF TABLES (cont'd)

Wind speed and direction vs. sea height from 1 July
to 20 November for the western Beaufort Sea coast. .

Annual maximum winds and waves for selected
return periods . . . ¢ ¢ s v . e s s o e s e o o s

Freezeup and breakup dates of fast ice for
Barter Island and Point Barrow . . . . . « + ¢« « « o

a) Wind chill equivalent temperature chart; b) Wind
chill index nomogram . . . . & « ¢ ¢ v ¢ ¢ ¢ o o .

Aind chill chart defining temperatures hazardous
for properly clothed persons . . . .« . « ¢ ¢« « « o .

Percentage frequency occurrence of ceiling height
and visibility for Barter Island . . . . . . . . . ..

Percentage frequency accurrence of ceiling height
and visibility for Point Barrow. . . . . « . . « . . o .
Percantage frequency of occurre;ce of daily amounts
of snowfall and precipitation - Barter Island. . . .

Percentage frequency of occurrence of daily amounts
of snowfall and precizitation - Point Barrow

Climatalagical sumnaries for Point Barrow and
8ar=ar Island

Percentage frequency of occurrence of weather

¢conditions for Point Barrow, Barter Island and
Umiat (an inland station).

lonthly values of percentage frequency of occurrence
of snow depth, visibility and sky cover - Point Barrow . . .

Monthly values aof percentage frequency of occurrence
of snow denth, visibility and sky cover - Barter Island. . .,

viii

e & e e e o o .

0-21

0-22

0-23

AT P |




LIST OF ILLUSTRATIONS

i mEad B A A e ade A e At A G AN S A MR I i
®
r . I1lustration

'._”.r."".yv‘ —vY

gy
R
‘t 1)

1
2

PR

Technique for determining the transpart of oil, . . . .

Example of developing a current field for determining
oi‘ spi11 tnnspon * L) L] L) L] . L] . . . . L] L] . L d L] . .

ix

PP S I we v




LT T ey p——————

AHdVYHOONVIO0

V NOILLO3S




oy

03 paubysop s} 31 ‘ABojojew)|) pue *391
‘f6ojoadyyy  *Aydesboueadn 1SU0}323s
anoy  ojuj  PIpJAlp  Sp selay Al

- Jauuew paemiojjybjeays e uj uojjewsojuf
Kaessadau ap ujeIqo ‘bujujesy
sjydesboueado  (ejdoads  3aey 3ou Aew
oym °*350 ayy did9y osie ued 3} °"SpIW
asuodsaa uy bujpyew uoysjodp 40) |ejsayew
ajuasajas  sapjaoad osje  sefly AUl
‘padqe Ay} U} SUOJIFPUOD  {RIUBUCILAUI
YIjm Ao} | jwey wWo23q ues Jasn
a3 yojym Ag sueaw e 9pjAoad ‘a3AaIm0Yy
*saop 1]  ‘9JueSS|RUU0IIA PplAYY (emyde
soeydaa jouved ‘933|dwod Moy JIjjeW
ou ‘seQly ue jewy azpseydwd 03 juejdodw)
S} 1] °pooyssapun ALjsed s} pue Ky yonb
punoj 2q uel uojjeWAOJU| Kaessazau ayy
jeyy os paubjsep S} SelIy Sl Cexsely
Jo 2d0iS YIJON 3y} U0 UOjIRWIOJUL S}UY
Yipm S0 9y opjaoad 03 pajjpdwod usdg
sey SU{JY [PIUBWUOSAU] SjUL “QR)IUISS
s} dnuead |jo pue JojAvyaq LL1ds
1}0 3123jJ0 PINOI VYY) SUC}Ijpu0l 3P Uo

uojjewaojuj ‘eas jJaojnedg 3y} uo L11ds
e 03 puodsas K(3A}323443 03} J3ps0 U]

*3A§IISUIS
AJ1aA  3ue  SUO}I)pu0d LeIUBUUOA | AUD
pue 9Ajsuadxa ase sucjide dnueald 3J3YM
*JUBWUCSjAUD 3L}ISOY pue °‘3jowdd *anbjun
e u} bupresado aq [LIM ISO W *asen
NEIRTE I ] *spun) uojInilod es3p3y
fujsn uojjoe  dnueapd  aejIjuy Aew
950 Ayl ‘umouyun si fded  ayqpsuodsal
ayl uayM Jo ‘ajenbapeuj J0 JueIS|x3-uoU
aav  suojyoe s, Qded  3pqjsvodsaa 3
J1  °suojioe 9s3yy Jojjuow 03} 3q (LA
3104 §,9S0 p4eng 3Iseo) 3y} pue vojioe
dnueays ojejadoadde ayy ayey £ yqeqouad
LA sajyded  3pgysuodsad ‘uojbas  siy)
uj Ay(eoadsa °*sased jsow uj "uIyel ale
suojide [PACWIL puP JUIWUPIVOD ajenbape
pue Aiawpy eyy Bupansud Joj a1 qjsuodsaa
S} {250) 400U }paoo) auadzs-ug
pojeub)sapaad paeng Iseo) 3y ‘duj|3Loys
S3§ U0 J0 ©IS  JJojnedg  uesjUAduy
ayy uj (lids (§0 ue Jo JuIAI Ayl u|

HOLLONUCWINL  0°1

Ly - L eta

B e T AT I S




v -

EAMCIME A

<

RS

\ ek
-

e Y ~l—“\—‘. eV

et

D oo avon R el

~' - o - - - * - - © -
€-v
‘uoj329s Aydeaboueado ayy
*sasjae S| uojjvwAOjuUL  SiyL *s3j4a0123feay
pasu ayy se papuedxa pue pajepdn 39 pajew)ysd  bujpienaged
Kew 3} ey} ©S paJedaad ua2q sey selly Anjua se|ly 3y) waoj pinom dduanos {|jds
ayj "J43junoduUl 0} 12adxa ues {3uuos.ad a1 4o uojiesol (edjydes6oab 3¢ 23ds
asuodsaa ey}  SUO}IJpuod {euojyeaado 3y} pue  SUOPIIPuUOd  JAYIEIM  JUILINY
*240j343Y} ‘pue SUO}3jpuod [P UAWUOA } AU
JO  2ouUdaund0  Jo Kouanbauy pue
‘abeaaar ‘uedw Uuo sd(qe} aaj suayaadwod dnuea(2 ((1ds o 3e Buypoey aq (3uvosaad
ujeIU0d SU0}329s asayl *su0})329s LL}M  SUDJIJPUOD  [RJUAMBUOLJAUD
Abojojewy D pue *3d} ¢ f6ojoadjaw ,SelIV (2) pue ‘uoos moy pue 3jjJp 0} pajdadxa
ap woay a|qeijeAe uojjeuioju} wo.y aq (lids 3y} ued sease JeyM
paJamsue 9q ueRD SUOJ3}pUuod {e3UaWU0A | AUD M: syse Jybjw (Lpds (10 21324y ve 0)
pa3dadxd bujpaebas suoj3sand ujpuodsas 950 3y} suojisanb oM} Jamsue
- e | K. " TN SN .. be.-..»uhH.—n ..... ”. s

o ia



Jl.n?\._— AARRON
. N [

——

-
v

PR Y
et et o AL

pp—p——— - 1 Y T T LV
. y e 2RI e/ e SR gt mEeoN PELI SRLARTLY v ) ,

pue suolbel joq Uy ISAMYIOU BYY UDIF
spumm aonpoad 03 pu93l SUIO}g casuuns
pue Butads syy uy 3Ised syl uoiay fue
‘asjuM pue 11e3 a3 ybronp 3Isam ey
uona3 spuim burijesnsad ypItm Tepowiq aae
SpUTM ‘jI0jnEag UI9ISES By} Ul "Ised
oYyl woazy Aytaewtad ‘spuim buiyjeassad
0y aejruns APA oq (M SUBIIND  ueadw
punoi-i1eak ey soridwy SIYI 2JI03neSyg
waysem 83 uj *IDUTM Y3 UT SPUTM
KA1193somanos pue A(i9isam pue JIsuuns
sy uy spurm KXjaeaseayraou pue Apas
-318E9 JURUTIDP SITQIUXD JT0jnesqg UIaIsvo
s} seoJsym ‘spulm Atasisesipacu a0 A1al
-38e90 Aq punoi-ivak pojvujuop Ajreotdiy
BT JJ0jnesg UISISSM 3Y)} UT PILSTI UM
eyl suotbex eaoysaeou =y3 Fuote pue
J30 'uo 193eMm pur JOT JO JuSuRACH I}
(Ataueaodisy asau Ajqeqoad) pue ‘sucob
~-e] Jo sbueyoxe vjuoziroy pue Burxjw
Teof3x8A 8Y3l ‘3ISLPOOD BYJ WOAJ SIIIPM
BIOYSIPSU ULlem JO TeACuDI 10 UOTIUd}
-51 2} ‘PO daoysbuor ey jJo L3S
~UajuUT B\} puUe UOFIDAITP BYI YIoq S3uTU
-1939p D191 Dpulm 8y -Bujoioy oyaeud
-faune Woay pPoOAtIep 87 ‘suB3Isiks uoobet
pue exoysiesu o} Buypniouy ‘jleus touuy
Bag J0jnesg wWIased oyl uvo 3Jaocdsuery

pue sbumoxs 193eM 103 wsjueyoawm Buiayap
Jo(ew a8yl eyl papniouod aaey (g6l
'TTII9UTA Fue 19)stauroey {1861 'SMOIITW
L1861 'paeebey) s9Ipn3ys jeaaaag

*atqeor1dde
ST JUSUNOCP ST\ YOIYm O3 Jaojnesyg 9
3o uvojiaod zajem uado sIY3 S§Y I CeOg
Ja03nesg a3 3o ybuat aarjue oy puey
~Xd pue ug{ QOT-001 St 8p1Mm se 10 wy QY
se polaeu se 3q Awu sujtiseco ayy Buote
peor Jajem uado a3 ‘aeadk aernoglard
® 303 p1a21y pumm a3 w burpuadag -bur
~318W 8DF €IS [OUPYUD INYIINJ puv ‘Ieay
Jelos utelal ‘1ejem aovjans aeddn on
9ZITIGEIS O) WO} WIym jJo \noq ‘puey
9} uUDIF JJO-UNX IIIEMSAIJ JO XN(Juf
BAISEEUW B QM SHPIDUTOD BJT ©Is I
Jo burytaw butadg casuums pue fuyads
8yl U I9jEMIieuWl USa1J puR Idjulm a1y
ut suyaq dsusp 3Jo 20a1nos v aplaoxd oy
pue spieyy puim pue aanjeaadimy oriandd
-saune syl Yoq uoiy saajem burkiaagun
oyl 9jeINSUT O3 EpUD]) I3IA0O BOT  8Y],
saesd Sy 3JO syjuw 93yl O3 oM} INq
112 303 807 Aq peianco A12391dio Arjem)
~1¥a 81 JISUS Moyhwog 8y v \pns B}
vag 1o0jnesqg sy)y jo Buyiyes teoysiud oy,

JNTRIYIANG "TVOISAIKd dIL  °0°C




v r——————— r—— T R
v w_o L e @ e °® ® o @
S-v
sbueipxe sy ‘suoober sbumypoxs pejlung

*(1861) osayy JO Auww ujg * {suoobe abumpxs
. 339Ny 19330 B3o0ysiesu, se O3 pax £o3TwIT) wa3ysks pue(sy Id1IaRq Y
.v -19391 ST ‘W Op pue 0T uIaMIaq I9jem A uy sbutusdo jo asqumu (s e O} sucobey
umy SOTITUTIES JOMOT pue saanjerasduol a3 pue sjuaxand aiosbuol oy usamiaq
; Jauuns Jsubyy SITQIUXS YoTum puer 's3nem asjem jo abueyoxa ay3 buyiTwil Sny)
3 aoe3ans Jo/pue aDY A Aq peyamn K3y ‘queaano aaoysbuor ey Aq  ybhanpmory
v —~ATIOP ITM YREQOST W-0Z R JO prempue] 9091Ip 03 pPOSO[D 2Jacul [pue  ‘BATSUIIXD
', Jiays Jsuuyr SYy3 jo ®ere ey  *JI8US 2101 ‘SUTISELOO A O3 IISOIO 8q O3 [us)
[ 19300, Sy} peursl oq I1TM YIeqost u-Qp suo3sAs puefst Jetareq aup (U 09-UF
.H oy Jo paemess uotbox a3 {3jioys ,asuuy, Kiajeurxoadde) moaaeu siowm A{aubiys
A sy se 03 pelIajaa oq 1IIM SOfIstasloe BT JT9YS Y3l 3II0jnesg uIdISWO Y} U]
b —1eyo JO 398 B0 SITAIWNS WOTUM YIeqosy
y w-Qp a3 JO prempuel JIaus a3 jo uoitbex ‘supyIsis pueg
ﬁ. o3 ‘(1861) paeebey Buproriod  (SUIEq -81 Jataieq ®ioysjjo arayy utr sburuado
-os§ HuissO1ID) BEUIS J[OYS-ES0ID AU} obaer snoxsanu ybroayy afueyoxe aaoysjjo
.._ utr Atliqeriea (euwoz sbxey pue (sypeq /@3Ioysuo o3 pue qaodsueayl 3saoysbuoti
§ —~osy bBuyteriered) uorjoeatp Jisysbuot UaATIp-putM a3 03 uado ‘sY IEY} ‘Luado,
{ a3 uy A31nupjuco buoxys ITqIUNS O3 puad paue) uaaq PAey SUITISL0D JIiojneag
\ JIOUS OR UO JUSM\ACH 183BM JO sUI9IIRd an 3O uoibea ST 9ZTIVIPDRILYP YOTIUM
} swoisds aioysxeau/ucobe] *210Ys33Jo
3 *suoobe] un{ 06-08 Butimooo AyyreotrdAy yeaaqy (aus
3 JOutsind, peuna) uedq daey pue Buyoioj a WM souaeu Arsarieraa 871 jaojneaqg
) 1epta o1poriad 03 asuodsal uy sVURIIUD UIDIEOM pUE [eIUSO BY3 Ul JIBUS MY,
4 sy e s39f 7uaamo peziiecor Aubry
4 IIqIYx2 ‘sofistisjoeaeyo obueyoxs Jood *948L00 J10JNPEag
d pue seoueIlud Moxxwu Axen aaey A11eo1dAl o\n fuote s35 X2 aejem uaxdo jJo asurdxs
4 yoyum ‘sucober 9ssy], °SIOURIIUD Jofen obre v usym T1e3 syad uy Artejoadsa
.r oMy JO U0 O3 PeO0TAIs|1 BY a9jeMm JO rgusLmo saoysbuoy Buoazs uy Insax uwd
5
g
g
r.
h o — e P TORIOUTY UPPT IS GRCORE e

P DN I T




T[T

Ll
-

N SN

LA%e Sha 8 R hantie 4 UMM IMS S DY

LRl

TTyr
-

NOILVINDHID TVHINID

——

.. - . . . 3
AN ® . .....,_........1 ) “.
I .o e - e P b g b A A |

PP S I




- .4.4 > ey - N
..* : -

Sy
Y T— :

. o PrrIpR——Y
PPy e o

L S Gl A S M A Sl

*8fud GZ-GT uDI3 MOTJ
pue wATap puim Aftaaunad eaxe sjusIInD
uvaw ‘uoybex ajoysaesu sy ur sf/uD
JO JUSUBACW PIBMISES I3U I9MOT © U} I[NS
-31 UOTIDAATP U STESIaAda Jusnbeay aInqg
‘IsL9 93 O3 8O GZT-SY JO IBPIO VAR LD
Altensn oie S913JOO19A  *(EB61 ‘STUOLYY
161 'pavebey) veg ja0jneeg ueyseIV IY)
ybrompy yieqosy w-Q07 Sy SMOTI03 Ul
39f Jusamo ayl, ‘Aarren veg moxieg a9\

buote vag Ja0inesg 9y3 Si9US WA
fe3iseo) eysely 3yl *{6L61 'lasn)
1500 8yl 031 (atrieaed Arirasusb pue
USATIp-PUTM 910 SJUalnw yIpqost Uui-(g
O3 -Ob ®u3 jo 3dioysul (6,61 ‘pavebey)
ISLCO  ueysely 9 JO Yjaou sNo O1-§
UYowal s91310019A 91kn  “paemisam Ulsrg
ueipeue) 3y WO SI3IEM SBAOUW BILD
Ji03nkag BSTMHOOTO BY3 ‘saajem  aadoop
ur (1 sanbrg) asujlIseco Ja0Ineag A
buote juesaid aie saugbox JURIIND oIy,

NOILVINNIO "TWaNID °0°¢

D P S W Sy

Ly

ey
4

O SR Vo



0098

00/,

..J_A.A.A Ao v i BN P ML O AN S A AR
8-v
’ (s/m gp1s°0 = 30Uy 1)
v3S Ly¥od4nvig 3IHL NI SNi¥3Llvd NOILVIADYID IVYINID - 1 33n913
/ 005!
OOQ# .

-

LW

L alee i U e st o

T Y

> .., y \ ...DU Zw>.2°

an,

YA
PR

VISVIV

———aa e mm e

e MM e

R E S

R

P

D N

-
[PPSR S



g
v

" 6-V

,

y

v (s/w g%16°0 = 30w} 1)

g

¢

y

‘ +Z pue 1 suojielasniil uf pojussaid sy enbjuipay 10300A oidunye vy

v umMoys se BIUDIIND uvsw &3 O3 peads puim

ey Jo 3ueoied ¢ burppe Aq poItwjlse CpPOITOTRYY

", oq Aewm axodsuexd  BIUL ‘uxayjed esa|} uwl SUOIIOATTP pUIM 0 sponds

o USAJIP PUIM BI10W ' MOTIOF DbEaIsu} pue puM URINIIIP IS 103 Apaueoryjubys

A Pie}3 IS0 Uesm eyy woliy Axea (TIM Kien ou i we  Adeatodod

o r3oaomoy  ‘3acdsueay  [jo JO S9IWWISI 1001 MO1103 AtiroydAa sUO NP

. *XAydeabodoyl wojjoq SNy MO0} K1eo1dia AUDIIND T BTWLIOF pRPNIDUY BW) K eypoxda

e pog 3JI0Jhbeg Sy U  SIUBIIND  UEH pugm aamol 20 196y Joj pateosaxr o« Avm

2 pue poonpuy pugm Arpaempad ese gnanhy)

. *s1eIpURy oy uo poAerdsip ®ae  UOIYM apandn
111ds 3o suojjecol pue €Wl Buyyeuyise JUIIND  ‘SUOTI[{NOO Upad B} JO PRED
up qngesn  ©q  TIIM  OTWM  LOTIORALP oYy Ul  *IEIMYIICU Y3 wWoIF KPUIM A

“ pue poads 2Jacdsuead TfO buyynesx  jo Of UYIIM SUOJIJPUOO U108 pue IEPAION

_ uogjemixoidde ybnox e sopyaoad enbjuoal o3 woiy sEUIM I 01 WM SUO] I FFUOD

A sjuL "10309A puM eyl pue P1913 JUa1Ino 1ajem uado uvom juaseider 03 AU

uvow oyl uaajh 1jo JO rodsueny eorjans ele sUO[IORS @IR(EIPAN pue uvoohPl PUP

avou oYy ojwufisa  Appnb 01 Moteq J18Us (Pausujucpy eyl ug spoads umaANy

N JHOdSNVYL 11148 110 1°¢

PRI P U i WAL

PP P

i,

.
s [ J ‘ . [ J o
e A o ' St 1 . " .
et e Loa L a nn PPN }xr\hr. ] . i & A aa s A Aol d ek d oo »hrr’l'r" P.V\\Plf.yb - .
A PO




g

T

D)

L

1

v - -yr—r L avind SR
np——— ey v v
Ty v . . PRI

(s/m gYIS°0 = 0UY T)

*110 30 JHOAdSNVMI dHL ONINIWYALAA HOJd INGINHOAL - 1 NOLLVMILSNATII

(*poylrew syyy jo o1dwexe ue 103 obed Ixau 695) ‘UIBOUOD JO UOTLAIT BYY 10J MATAIAAO
jueiedsuery) 23181dwod © sonpoad 03 (syejisjew ®3e3ede 10 IP(Am v yone) sAvjiano
aes1d Mcuuuaqu: Aq p1313 3yl utr pesn A1eat3ideyje jsow §1 enbjuyoail s1yl :92I0N

& u"ﬂu“ﬁ“meﬂVm«mm

—t_t

..... .

:9A0GR PIIBINOIED BEBM Ydjym [Jo 2yl jo sjuauod
-wo2 310dsuex3 3ioysuo pue aaoysSuo] syl Sujujwaslap 103 pasn aq Aew anbjuyssa Buimoytioy Ay

“usy32e2y1g pue pesds iiodsuesl 110

”~
I%uyg | - youy ] /\ \\
T1JJI+4I14!14& -




Py ———TY T -..u..\.n.a
-

- . . -

N S - e i o Ti-v

} _ ; }
aom_E 1 *1 NOILWMILISATII HIIM FONYQHOIDY NI
| 0 WOLDAA INTNIND JHL OL 13T¥a ONIM
81979007 1) JHL ONIQAY ¥IALIV SHOLOIA JINVLTINS3Y
FHL MY SANIT dIHSYA * JMOd SNYHL
A1IdS TI0 ONINIWHILIA ¥Od a1daid
INTIEND ¥ DONIJOTAAIA 30 d1dWYX3 - ¢ NOIILWNLSNTIX (8/w gris° 0 = 30Uy i)

~qouy 1°Q § £q Lsea dve sursIng

e3usa3ue uacfey pearrsqo *agrds qeptd 2yt

vo Jujpusdap ‘osfy - o“u o3 01 ®O1) fug e
-ujSjr0 spuin Aue o) 11dde or)e qin oprade
i3 Iejjwly  CIuvisuod Kjrajisian sujca
.98 onfea pate(naged oy) "8Iy oy puolsg 190y

tovy of

T3 usisns pelspdegp X ¢ o3n) pesdipuin
Vv~ 1§ Bugmogge
syt Sugen sy gt o1 e s..u.acna —c_—m.m

30) pejedess 89 fve pus FIl) ovIn 2y 0L
e 30§ peiede 818 Sa0qs unoy spesde jussing

Aepo ojqrqonyg \.-ﬂ
©:338 ‘e3nesI JFp0w ‘FrUBIIND pIINEIIG
*spuin watj priIviodeiis? vpreds Ju01IN] qoe

tg3udsesinsvse P1o|} Vo preeq epesde JusIIN) S—

Ty

rouy { - WL A

. LG TIIWNIET Tivwnd
——d
5.0..’
SPUIM  JawIwng Ly I

a.. o
——P
[ PO

2

. 1 *

¥ “ ~
L 5 81
w - Y \S. s [ N iF?rﬁLr. rrrrrr >$‘.br

TR . - G VP, WU,

S2.0L

A Y

,08,3¢



NOILVYINDHID 473HS TV.LNINILNOD




TN W

3o uoyeoTpul AWOS 9a1b (1g61) Ppaeebey
Aq spou sjusuLInstewl J9jawl JUBIAND pue
(1861) smonItW Aq polaodsa vaep a8313Tap
JusDax '8OT ®as JO adussaxd syz ur
sbutaocou Putuiequiewt Jo A1noT3IIP oY
031 snp osaeds AtauBiixe aae JIays Isuut
9yl uo sjusumansesw juaaanoe ybnoyily

J18Yys asuwuy *g°y

*319ys 1930 A
uo sjuRse Butitamdn doop 3mm pojetex
-300 Wi} UT 9IP STESI2AD1 9S3YL *MOTJ
paeM}ses uesll JY3 Ul STeSIIA8I rOUS Arul
pue sAep Q1-¢ JO aspio 8\ wo spotraed
1eo1dA3 yatm Buroioy Teoijboioizoejau opo
-1a3ad Aq pelo?9)je SQ UPD SaI9IEM DORIIUS
-qns pue 20PJINS SYI YIOQ UT SIUIIINY
*aprw uaaq aaey sysayjodAy syylz but
~UITJUCO BIURIBINSPA JUSIAIND J0211p OuU
ybnaxppie ‘uvolic paemisam upaw savy Aewt
MOTF pAemIsed BTY3} 8AOQe £I133PM 20RJINS
Jey) SOUDPIAD SUDS BT 99y, ‘*Avg uijjeq
se 1se0 1e3y se Aiqyssod ‘Jiaus Ixojneeg
BATIUD B} SS0IOR SPUBIXS puUR BURDOQ OTF
~Joed pue O1jUR(IY OYJ USIMIDB( 1IN ©es

Ut BDUaAdIITP 3R AQ USATIP ST Syt
Jautm pue Jsums tpoq Bujanp pesaasqo
'MOTF ueaw styl 3Ieyl pajysabbns aaey
sYjo pue (1gel) rpaerebey  csROST
ay buyrisiieaed ‘paemisee Arjuruinopaad
ST JI8YS 219INO B3I UD SIIIEM AOPJINS
—ms  JO wiajjnd UOTIRINDITO  ueean oy,

ssourtlax
Jisys a8no pue Jauur oyl buijeaedos
203 suoz uotljeoamuep roob e saptaoxd pum
stpuow Jauums oyl Guranp eeg jiaojueaqg
a3 JO 103038 uvofaauy oYy Inoyfvonpy
SUYILQOST u-Qg O3 -OF a3 SMOT103 Arieo
—1d&3 xejem STUR JO WG] DIOYSINIU [y,
*393EM 9OPJANS [EOO] YITM SaXTW JT aiaym
opmItEuIOT M, (g1 Sse 3Ise9 aey se ues
ad A11eo1dAl ued 133PM [PISPOO UPYSPY
+193PM [RISPCO URNSEY SB O3 [9i11ajal
‘gog bButaeg ayy ur Burjeurbyao asiem jo
2100 BUTMOTJ PIePMIBERD UR YITM [OJRTDOSSP
51 unurgxew aanjexadumy syl POS T
U-Qp SY3 JO pUBMEIS IO IV [OAI9s A (VD
-1dA3 wnupxew sanjeaadiim) sovjansqns anwm
-ums SY3 ST JIOUS II0Inedg 1930 AYF U0
aanjeay otydeaboapAy uauiuoxd Isan oy,

31_US 18I0 1Y

OILLYIOYIO ITAS TVININLILNO  *0°p

i
¢

4.

Cm A s = e em—e ot



-

T

e e g 4
G

e
g

"y Wy
LZRARA BN wranive ou pe g

Pinom AL3f11gqPiIeA {RUOSEOg *£UBAD
puim Atrasisam bButanp (saeker aamoT
P uyr dIysjjo pue sasjem aaddn eap
ur Mo13 Lsaoysuwo) a3ysoddo pue ‘sjuana
mutm  Aras3ses Butanp wisjjed ja03neeg
UI3368M B3 O3 IJeIWS 8q PpIhom 300339
AR 'I0jneeg WI9ISES Ay Ul CSPUTM FNH
A{jurupopead sy 03 anp saakel Jamol
813 ur eroyswo pue siakey doddn s uy
21is330 A1ueupuopead 8q prhom UoTIRTNO
—J110 asIdAsURI} ‘a0jneeg UISISOM By} Ul

*suwi9ed putm Teool
Eutmolioy 10unns o ur Isem SYy oy
Fue Jajuim a3 ur 3Isws oYy O3 swrajied
JUIINO Uerul aA1esqO 03 Joadxa pPInCoO suo
Su1aInd puim (ecor a3 MOT10J 3103neeg
wIajses s\ Uy si1o93jem J184s Jauur s\
JI  °(LL6T '*1® 39 IawD1g) UOSEOs I193EM
uado oty Butanp 3Isee ey uwnay pue a9juTm
a3 burinp 3isam a3 uoay Ayueupuopsid
SPUTM WM (TL6T ‘I9uny pue Atesg) aurgy
83 jJo Judoasd GZ 103 M 03 MsM oyl upag
tue 2wy 83 jo jusdiled g¢ a03 3 03 AT
83 uoay s1e spuim ebeasae sy3 'sidrexs
J03 ‘puelsy J1elxeg 3y *Jepourfq eJ0W

ST SPUTM JO UOTINQIIISIP 9} 3Jl0jnesg
uIslses syl ul  ‘IPnamoy *sUOSEas (e
Butanp ang s\p uoiy axe JI0INEag UIRISOM
tue 1e1jued sy buote spuim Buytieaead
'K snotaaad possnosip Y sjueaand Ayas
-358m pue Atasises 1noq jo uorINQINISIP
Usas 810w e moys 03 peoadxa aq pruom
FTIdYs wIv)ses Jauuy ap wo swisvrd Juaz
-INO usYl ‘esg JI0jnesg UIRIEES oYy OF
peleloderixe aq ueo SUOTITIUCO asayy II

6591 Ajjued
-13Tubys Butaq uoljau 80T-Iopun YImm spo
-taed awres 9yy Joj Jaodsuery prim ey jo
Juadxad p-g Agajeunxoadde jo sonjea yItm
JUBISTSUCO d1am speads Juarand popxhioo
pue saumy 1sAeal 123JTag  "so9spa(al 2ot
—Ispun pue a93em uado 103 yioq ‘sjusiind
usATaIp-puim buytieasad uwoiy pejrnsar sie
~33TID 1SI9A00DI ([P JO UoTIoW By Imp)
s3sa0bns YoM elep as3z1ap 5, MI1IVY
Aq  psjaoddns  1syjang Y sissyod
~AY BTYL  USATIP-pUTM ST JTeys sty
310jnesg 8y3l UO JuUIWBACW IDIPM 1By
pesabe Atieasuab uosq sey 31 * gIUSIBACUL
A9IPM  POIBACO-80T pue 19jem usdo oq

P oW T SOl Uil /A S i i o

........




vy -

A AT ase aan ave pen s A SN G R AR

At

.......

. N B
.........

(s/w 8v1G°0 = Jouy 1)

‘032 'ANA ST 3] Qwi)
U3 Jo %0z ‘Ar1938E3 ST pUM ay)y suwiy
Y3l JO PGT SNYL “PUTM JO  2oUIIINID0
jo Aouenbsay sbejusoirad ey Y3tm poataqer
91e sabpom pedeys-ard syl *Aeg soypnag
I® SpUTM  Isumms  uesW JO  HOUDAINDD0
3uaozad buisn (LL61) *Te 319 Jomoig woig
pojeiauab o19M ©9501 pUIM  *SUOTITRUCO
PUIM MN 3 Of pue aN Iy Qo1 bBupinp
SUa1IND 3De3INS Ueslt MOYS ( g~z SIINDLJ)
Butmorioy sdem oy, sputm  Ara93sves
jo sporrad Auedwoooe 03 poAlasqo
aq Aem oste jaodsuery piemisom “suoysis
w1038 Ity YIM  pojeloosse  dn-3o8
ponpui-puim  pue  jxodsuery  piemises
ybry AxsA yaM ®Teae BIYI Ul JueuBACE
13jeM  pIEMISEd UL  MOYS  SUOYIIPUCO
a9jum Aqaes pue iR ‘vexe ey ybnomyy
sacm swRISAs I3yjvem su Jse8 oYy O3

BIESI9A9T |IIM UOTION pIemisom uwaum Aq
PRIeutwop st jaodsuer) aaoysbuor 1mummg
“eInjTu Uyl Teponiq sie swsjljed asjvom
ueaw 3jI0JnesH WIDISED DY ur *loynwag
8yl ssoxde swoIsAs isyjeam jJo abessed
2yl Aq pIFTPOW BIP  SUOTITFUCO UM
uestt se butiinooo siesisaar  Ariajses
WM 3sam syy 03 jJxodsuery  aaxrsbuot
ueam  saryduy  sIYI ‘3Jroyneag  WaDISOM
9Y3 ur ‘poads putM oyl Jo usoiad san(y
Aybrox je Axjsufyzeq teoor ayl Mmoy103
WM  sjuazand  saoysbuote Y3y usarap
putm Artaeuwpad oq o3 poleaIsucuRp  uaaq
osie sey i33em jJo 3rodsueay aaoysbuog

*310jnvey U1a5wD
Yy ufr IajuIM ey3l ur 3rodsuery axoysuo
pue 1swms sYj ur sSI93EM 9OPJINS  JO
310dsuel) BDICYSIJO IBU B MOYS ©I0J91ay)

S .




ey e e A R A S A OO L e
f e e e ® Y Ve '@ L
' 91-v

*NOLLVINIYID J71IHS TVININIINGD 03 SLYVHD 31VWILSI IN3WIND 30 SNO1iVI0 - 2 uN9id
i MGE1 MEP1

) — ] L ! | § 1 | L L | § | 1 | L] LB | | L ] mm

. '
E 1
” Juyod UXSH Y
= uoftjesIEWIQ O3 4
. } I9ATd Butuued | | -
_“. i) :«.._ xsaty burtuued _ |
M ] p ! ! |
| " ¢ saxn6y3 | 01 339ten oded | |
“,._ 339y 1ey oded
‘ |- *g puer ¢ s2anb14 | 03 moxxeg! -1 82
: |
] _. ‘p pue ¢ mmu:mqm"
.... —
4
% = . -
5

- - 2¢
[ i 1 3 i [} 1 1 A 3 Y 1 1 % [y [ A % 1 ve
.,
|w. - - T -~ R S BN e v it FRE Y L Pk‘klrlnlr N I G ISP o




TV,
Pl Y

o

Ll

RN TUNIT SUOR: NUUE S e

i

<« .--. I3 .
el e .. P - - P al o - -
LI-¥
hﬂﬂﬂ oﬁ“d
' {s/w grIG 0 = Iouy 1)
“JDNY 0°§ 3 49 AWVA vN S1X3VER) JIVUIND WOOTY)
QIAFISHO “31309 WOLL il N0 INIONR4IC “OLTY  “eqfl
01 002 WD¥S DHIIVRIDIVO SONIv. AXv ¥O4 AN4dY DS
P $07348 INIVEED WNIS  ANVISKQY ATIRLIVTIN
- sonny SXIVIOY 3nTa QLYWW I 81 DY OWDA3R  :MUDN ’,
; “§43 01
N fmltllu.ltilH%nuﬂun sy iwInay ahivietio 7 U Si9) 33T oN1R
81939WOT 1) SWINNEOJ INIROTIOS Ul Julfn 511 T af 40 d1ied
- . ~ONIM ONTANYA ¥0J 027vIS3y 30 Avi Ony 01014 OMIA
ZQ—QW& .—..—.M“-—-QIWW&(%v—OMaZMNMQ“ HH.H.U k3 01 v ¥O4 021v3S Juv IAQO8V NNOuS SO2I4E ENIwN)
3N
1003 3VEVEONE %, .0
¥yo4 SILVHILSI INIWYNI - ¢ 3y¥no1d i g v o “987 SLINEIY 1100w ‘SiNuEAl Qlens
-v3W ‘SONIN HOWS Q21vI0dvNIN] $O3I4S INIUEN) @
TSANINIUNSYIN 01314 NO O3Sve $02148 tHIvuN) o
r—re—re—p————y
toN3 t s Nl
hwvali¥s 1naven)
i, p 45 yu¥
o ?.,..- g y
Il <
w70 4 S5y
.u.. .As .m
- H.".»—.....: 5
BB, sl Avg Wnwe GAYD
= 10 .m.d...’ ) A1t
W
VY
.M.._. ~bosdung
...~ - eded
- | 4 1AL
a...r ..-...u
.l.”..nu..... .
Avm.u./
Mﬂ-..
N oa
toa ™
i
. - N - )
. = T = ki AT i PR




T o S e it Aie et v A e e —p——— T ﬂ..<ua1,wly\.|1.¢u -
‘ ‘ B . N * . . A 2 . 0y P .
Y 3 L

-V
+ES4 .ew._
)
: (s/m gviG°0 = 10Uy {)
©2yn914 SNOIAJNE M1 11 HRONS
gNIR “1% 01 311 ¥OJ $AII4S INIWNN) I auv WN214
SIML N1 NIAID SHOTEDINIO INJWEND Jup IMESH Q3ivu
-11§3 28 Avw 303343 LINIWIND gnvuovnd HuItsIn L
. soIW N1 "S1® OF hyMl $$3V 30 SONIM VO 10NY 671 LIFY
. _ - ASVA AVH SEININUN) IINYVEIND NOOOIYY 03ANISE0 31349
. N %w IOt M3 NO ONIGNISID ‘OSTv ,04E O1 ¢00Z woul
*ONIM MN 1) 0f d¥3ANN . ONELYNIZINO HIONIWES SINE 4O SONIA ANV NOJ A1ddv
0S1v 111A 503345 1NITENT BVIIMIS Q1314 QHIA
NO1933 113aX1TVH 34V OL MOoyyve B1932WoTTy <% 0f v ¥0J Q3IWIS WY IAOGY NAMONS SAII4S INIEEN)
Y04 SILVWILSI INIYYND - ¢ 3¥N9I1d | —— W) 1003 319vE0V4 r
91 g8 % 0 <343 ‘$1ns3¥ 13d0u ‘SinIgen) gluns
-y3u "SONIA WOBJ G31vIOdvEIX) $A334S INIBEND asee
“SINTHINNSYIM Q1214 NO OISVE $QII4S INIVUND o=
341]
1ONY § = Nt
—¥3iveli37 indennd
..oa.......- )
. g
1 OTREAR Avg ynwg
4 .u'
o . O il
3 d m . .,...
3 c,@w..., -
i ot “boeduyg
2 . eded
k. 2%
y WQ ..-.n m/.hﬁ\. R
| &g
3 9.
oLl
. , : - . e - -
h.. L.L P 1’.... ...r.L\‘.. o Py r T P [ . e




e The Sl

.-

ST

A Tl

A

ohﬂ- .o-w- 491
T
(s/w gris 0 = 30Uy 1)

“JONY 070 < A0 LWYA AVW SINIVYNY DI FYVIND WO
OIANIE00 3019 TOLL 2 KD DHIONII0 ‘OSTY  “oOR|
D1 602 SDES DHLIYNISIND SONIT. ANY ¥OS A6V OS TV
IR SO1I4S ANINEND WINIS  “INVISNDD AVIRLIVIIN
SHINDY WA OUYNIND U °S31Y D2 OWORIS  t11OW

o
"ONIM 3N 13 01 ¥3ONN ¥3AIY | : s
ONINNVD OL L13XTVH 3dv) ¥04 ﬂ =1 T e

mu.—.<:—bmm .FZWN—Q:U - mw NS4 BHUUQEOMMK tyINUW0d INIROTII0S Jup "HISN “Sia Ol Ot ¢n 303148

~ONIR ONTASYA ¥O04 03 W 53W 30 Avd ONY O131) ONiIR
A ] ‘i 01 V W02 Q31vIS Juv JAOQv MMOu$S $O314% A1NIwwN)
. 91 9 0 ©A001 310VR0Wd %0
; “317 SLINSIV V1300w “SENI¥END O)unsg
R Uy, 8 ~yIN ‘SAONIM WO¥J OJLIvVI04dYNEX) $A3I4% INJVEN) oo
p CSANIWINNSYIH 01312 NO OISYR SOII4S ININUN) =

—y————r——y

1ons § ¢ WINE I
Thvality 1njwwn)

seay oLlIAIeD

b o 2. o = QS\%N\ AL
. A A% o Hr.&.h\”.&lh.- ”n g .‘..
yo . ) /- . L
Fyga o AVE NOSIYUVH

Eya ) nexiey edeg

1110

. - . . . - .
- Lo e B . : ‘s h X . . .
[ COp= . e J RN .. S \_ PN b AN P

MY W




'4‘1 LA A 1‘ MR SIS A A S g Y O D D qi T S e .
o lew : i - - e - - S - oo - Py B ‘ - o . A
' -
‘ oc-V 4
' od¥i .14 Jd 9
' | I 1 s/u : i
, (8/9 arig 0 = Jouy ) /
. “JUNILE SNOIAING Ditg MI HmOuS A
GNEX LN 08 INL w04 $0234S ININ¥ND INL ONY DNN3)I .
' SINL NI NIAID SNOTL1IIYIO ENJWEND IML INISA QFLIwH .
) -§1$3 30 AvM $A3II4S INIFVEND) ‘InvEGVND nuI1SIN Ny .t
’ NI "Si® O NvMl $$31 JO SONIM ¥OJ JONW 0°( T a8 4
‘ AWVA Avi SINI¥END 3INYWIND NOOOVY 0IA¥ISHO ‘3132) .
. . . — o TvQiL INL NO INIGN3AId ‘OSIV  “o046 01 ¢00Z wou4 1
. ONIM MN 13 0f ¥30NN Y¥3ALY N ﬁj ONIIVNIDINO MIINIWLS SIHL 4O SONIN ANV ¥OJ Aldav e
r 0SIv 1IN $0374S 1NIVENI uy VIWIS "ATIL4 gninm
_. ONINNVYD Ol1 1133VH 3dV) ¥0d 81270w0 1M 0§ ¥ ¥WOS G119IS Iey IAOGV MMOMS SA114S ENIwan) "9
) SILVWILS3 IN3¥¥ND - 9 3¥n91d LR} =
¥ C <1003 21QvO0Nd °, ..
; 91 *3173 ‘S1INS3I 1300H ‘SiNIwwn) 0Juns
v 8 -¥IH ‘SONIN HOWJ GI1IVI0dVELXD SQTT4S 1NIWEND weso
L SINIWNINNSYIN GT1314 NO G3SVE SATI4S INFWEN) - o
' &
» Py Y .
" 1
10MW 1 = HONE
‘. T3FiveTiST InTeen)d g
L ,
U .
0 \
b e - d
, S e AN, . A
b [+ T3 o QAN AL .
- 8 .
r 9 I ’ 4
'u > N
) ., . L
f S—~ v o
. AVE NOBIHUVYH ™ -
. l‘}@qaml L
.. 4
QW.I. )
8p--.
R 4
L) o
del 4
W -
! \ ey edun 1
y
. ‘.l. -
L 133 -
? . 4
A
T r— ‘
. ei-869 |
., |
Pl |
l |
o ' @ . )
AT .. SR . SO hy . \ ®




L

TrU .

T Y

v

—

WO W

g0l

"ONIM 3N °*1X 01 ¥3ANN N ¢
INIOd NOILVIYVHIA 01 Y¥Y3AIY ONINNVDI *
Y04 SILVWILSI LNIYYND - [ 33NI1d

YQVYNYD
‘s$°n

ORG99

»Ot

tﬂﬁv

81930uo[ Ty

| E— )
8 v 0

¥
(s/u gp16°0 = J0ouy 1)

“AOMY 071 o 18 AVYL VK SIRITUAY IDYUIND WOOTYY
02443890 "398 WOIL 3HA WO INIONDSI0 ‘OSTY  ‘o09|
08 o0 VDU DNLIVNIDIBO SONIZ ANY ¥04 Alddy OSWY
TIA $02248 INIWYAD WIINIS  CINVISNO) ATIALIVYDN
SHIVION INVA OLIYWOWV) 314 “S1Y 02 ONOLDE 21D

sop "$1% 01
CTin) indnun) adaviasid ¥ ("3in) Jdd34sdnln
S

SYIWNOS INIROYIOS JuL IHISA “Sia 0! 01 <N 303148
~anim INIANVA ¥02 Q3TvISIN DG avw QuY OVTL4 aNIN
4N 0t v ¥02 GIVvIS JuvY JAOBY NmOMS SAD148 LNINNN)
°°h,
*AQdl] JVOVEONd %,.°
*313 ‘StIngdv 1300% ‘sgmiwvn) Qlunsg
~¥IH "SONIM WOWZ QILVIOAYVIN] $AD34S INIYUN) —wee
CSANIMINNSYIH 01312 NO QISVE $A3048 LNIVEN) O

ey

TONY | 5 HINY 1
SIivnli¥T 1niawnd

R . .
U R W W )

. I AR G AL A A AN




| d T oy AR Camcn e s e <.

-

wibied
SN

e

i ‘Bl N

k14 £ N44d) 2t
t ] T

{(s/m arig-0 = 10wy 1)

CJUNIT S SNOTAINS FHit MIE HMOLS

QNI “AX 01 JHL ¥0J $0334% ININ¥ND I ONY Jund Ly

SIML NI NIAIY SHOTIIINIG INJYUND Jul INESN GFive

-11S3 20 AVM $O234S ININEND ‘INVHOYND NMILSIA Mg

N SLY DT Myl $S31 JO SONMIA ¥04 1OMH» 0°f © a9

A¥VA AVH SINIWEN) IINVMING NOOOY ) G3ANISAO “2131)

sop V0Nl JHL NO 9NIONIJIO ‘0S1Y  “o0%f 01 0001 wouy

— : ONIAYNIOIND HIININLS SIME O SONER ANY W04 8144V
0SIV 11IM SOII48 LINI¥EN) MvIiwis ‘01314 Quin

acz-z zz o.-.x Qm zuoz: ahauuﬂ—cﬂdx S ‘in 0 Vv ¥04 G21vIS J¥vY 3IAQGY NHONS SO2148 INJWEN)
[

INTOd NOILVIYVW3OQ 01 ¥3ALIY ONINNVD ) "A903 310vE0Nd °, ..

¥O4 SILVWILSI IN3¥¥ND - B 3¥n9ld 91 B Y 0 -viv ‘squik wons )iviomeeins 802145 iNTeNn) e

CEINIHINNSYIN OT1I1S NO OFSVE SADI4S INIVEN) <

VYQVYNYD
's'n

HA

9-0@‘ rv——r—rre——r—rt
10Ny 1 = WOND
—Iniwlilyiniven)
L X1]!]
Bujuue )
i U
O}

gD
€~
e,mw...
56
P
0z.02 -
- ..v.aﬂ.v.\ .
T i &,
L
| | 1

- . . md . | 1* AP W - " - .....°
. e . . . e . ., L P R PR WA U ../ S N r P D e ddadien P N PPN s

ke




NOLLVINOYIO JHOHSHVIN
® NOOHVI

. P
PR NP, PPV R )




L M GEL A SR8 B

uoobel oYz sI93U3 JII3IEM  BIOYBaEaAU
'suocTITPUCO putm A1a83ses aauuns bBuiang
*uoobey uosdirng st up3IsiAs uoober uado ue
Jo atduexa paIpnis A[SAIsualixe jsom ayj,

suoobe uado

yoea jo sard
-umxa otydeaboeb oy3toads Butsn ‘motaq
poasstostp st adky uoobey woeg  butrdumd
1epr3 03 @np $309339 Buysind 3IIqrIUXe 30U
Acvw g0 Aew sucober osaty, -we3sdAs puersy
x9taaeq a3 ul sbujuado 1abaey (easass
erA Jndybnonpa ueaand aaoysbuol pajjwry
Ao sey 31 et ur uwoobey abueypxa ps
-3t e pautay 81 adAy uoobetr parya ayg

“1°S

+Dutads A11ve uy 133EMYSIIJ JO BDINCS ©
buyptaoid uocobet jo adiy yoee ojur Lidio
A11e01dA3 suEaIls 10 SI9ATI [[WuS 21au
10 AWy “SpURTST JaTadeq oyl Uy sS)eaIq
moiteys ybnoayyz burandoo oste abueyo
-x2 €891 YPIW ‘soueaiud aolew a1buis
e ybnonp aajem jo burdurd tepyl eIA AT
~Jaurrad INO00 S193EM dICYSALAU O3 M
ebumpxas 1Indybnoayz U  saosbuot
03 pesolo sy uocober buysind ey spuet
~-81 J9taaeq Ayl ybnonp souerus zofew
suo sy YOJYM eyl °o-f ‘ucober Buyrsind
a3 8§ possrws|p adAy voober puocoss ayy,

NOILVINOHUTO THCGHSUYIN OGNV NOCUV']

*spue{sy 1atiieq
a3 ur sbujuado abuer ardriTiw ueamisq
alueyoxa J1os-55010 03 se 11om sp aad
~suer) siaoysbuol o3 uado st YoM AP
*3*1 ‘fucobey uado sy sT 3Ja0daa s
ur pessnosip adAy aIsary ayp o faubig
Ul peleI1ISNI{] SIP SUTTISPOO  JI0jnesy
213 w butaeadde sadA3) ucobey oiseq aty,

spRMuoITAUR TeotsAyd jewasixe Cuipunox
~IN8 J1JaYy3} Uy SIDUSIBIJIJTIP O3 [ur SALIY
~awoab uvoobey pue 1eiseco Ul sAOURIDJ
-31p 03 Woq arqeanqialle o Avu sa0uA
~3333IP pealasqn °sailtaeliwissip Aumw
MOUS JTBYS I10JhieDg UIDISOM pUR ulasea
2yl uo swaisds pueist Iat11eRq/Ucobr]
pue axoysaesu jo satjaadoad abueyoxa
pue suaayyed vorjernoay) cfutoaoy (W)
tewanip Aq pojRuUIDp B3I YOTYM SI09330
1ep¥3l pue sobessed wiols jo 8109339
wi9dI-JIOYS BIB SIUITIND USATIP-PUTIM
uvaw asoyy uwo posodiryaadng cpoads pum
aya jJo uaoasd p-g Arerunxoiadde spoaxis
JURIIND YPRITM UWBATIP-putM  Ajueujunpaad
aq 03 aeadde aaasaesu pue suoobwy oy
Ul SU1IN0 [eAIdsn (€861 ‘I11RUIA
pue a1e3stouMORy {GL61 ‘SMIYIIFK)
suoibox uoobey pue aIoysiIeau  I0JNPHY
uaejlsre pue (ei1jusd a8yl uy payustld
—UpoOr U923 ST |OIr9sdl S [UeilpISIKy

‘0°G

Lans e e dad Dadh S i

14 [ 9 ®




Ty v v

.

T

b f sed Snd el Sadtiaic

T~

a Mo e Bae e ]

Do . e o

S¢-¥Y

*107393ul voobel a3
ybnonpy jaodsuery pIem3isam 39U © DOUIT
~1adxs (JJounx I9ATI UD1I I31eMUSaII [ue
531040 snotasad uo1y 193EM DIO0YSIESU JO
buyxyw Aq peuuoy) asjem uoober asyssay
Jsuem pue J33em D2I0ySIEdU IDII|ES
aatooo buyjeuaajie Jo stood assuy ‘sopid
age pue pooly IATESIOONS  UQ *133EM
asysaa3y Jauaem jo sjood uwnojy o3 uoobet
a8yl JO SIOURIJUD UASISETS Y} Jeau JOI|
-100 sa9jem uocobel pue peONpal S MOTJ
paeM3Isom 39U 9Y3 ‘SIpYI aO@ UQ  "S9p13
POOTJ SATSESIDONS SYI UO 3DURIIUD (P 3v
Jojaajutr uoobet ayl 03 as3eMm BIOYSIEAU
STyl 9onpoxjuy AToAljodies usy3l sjuax
-IMO 1epYL, *Widap 3 sI193eM BIO0YSIJO
1313188 J91000 Aq Jusuboeldsx pue siaiem
aIOUsIeau 20e3ans Ysaly uuem ayy jo jacd
-suer) 3IYs3jo AWos Aq pejueduwoooe s7
voobey a3 ybnOIY3l ISOM O} IS BIIIEM
Jo 1acdsuea) USATIP-pUTM IBU B ‘SUOTI
-Tpuoo ssayy Burang  *s3I} QT JO suotl
-TpucoO puyM ueaw 103 sAep p-f JO I9pio
ay3 uwo IanowIny JIajyem uoobel Bupjvorp
~ut ‘poads puim uvaul ay3 jo usdaad p-¢
e 8J0N000 YbnomIMoTy Sy Iy poITutIs’
sey (6L61) smoIIeW -uoobel oy ybnanp
3s8M O3 1I8P9 UDI) MOTJ Uesw © YIATM
uvoober sy3 uj ursyyed Moy bBursind e
87 109330 9y ‘Aisnosumiinus Eujioe sae

urayjed voTIRINDITO B3 JO Ssusuxhio
1EP1Y  pUe  USATIP-LUTM UBsw YO  UDUM

*(€861 ‘T112UTA pue I33ISTAULOPH)
uoober; unbuy ur paalssqo usag svy
sE JURIIND [eplly ay3l jo a1oko Muysocklo
a3 butanp mo13 9y o9sisasa Afirhioe
Kew 31 10 ‘souvajue ayy uT MOTJ upaw M
ajeinpow Ajuo Awu sp1l 2 ‘ulwp pue|st
Jataaeq syl jo bujuado aetnoyiaed e
Ul SUBLIND USATIP-pUIM a3 jJo pbuaals
243 uo buypuadaqg *309339 s§,3U8U
-odivo  jeyy ajeinpow Ayjeotpotiad yum
UOT3IRINDOITO 3YI JO JUSUOIIDO UDATIP-PUlM
a3 uodn posodurtaadns axe 309339 (eply,

«3ndno
/Burxmu 1eocoy/indur uepy Iaypea uoobey
oy ybnompy sassTu 193EM MOU JO UOTIONA
~-pe 03 onp Atsbiey oirogaaany sy olueyp
-Xg *s133em aiIoysiesu ayyl Jo ybnoap
~-MOTJ 9T(QRISBPTSUOD MOT[P PUD UIDISHM
usdo Byl pue uleyo pueist Iatiaeq uoob
-e1 ayz ug sbujuado sbuer aydrayrniv oy
‘UTEYD puelsBT JafIeq dY) JO Ppiemess
Jrodsuexy eaoysbuol watap-puIm Wy M
aejywys dauuau e up uvoober a3 ybnomp
po3ddApe ST pue SpuRTS] Jatiaeq oYl
u}l sbhujuado jeajuso pue wralswe ybnoayy

['C_ . . B

. e WY

ha A m o B A B s M o eda

et A e A ol

PO W SR 1

——



aue Aie a0 SRa st Ini s S S

v—vv Y

1000 £3I93EM DIONSJIPIU DYI PAYSTIqUEISadI
d1e SpUTM AT193S00 USUYM ‘IDADWC}  *9SERD
uoobey uado Y3 UT SP JUBAINO  BINS
-Buoy sy Ul pIeMISED PO3IOSApPR puR JISECO
8yl U0 poulTIUTEW ET JOITM DIOSITAU 3D
-ugem I9tsaaj a3 ‘spuwm Ataeisam Burarng

cvoobe1 unbuy Jo adeys molieu aaow
aabuor sy WAy uocbey e 103 ueyy Aeg
yosod jJo Aayauoeb ayy tatm uoobei e 103
peAdasqo butxtw 1a3esab wpItm  Arnyauoeb
uoobel o3 wo puadop Aow Jyresat uvoobet
ay3 Uy UOTILNDATO ‘uorIppe Ul *uocob
-el s\n3 WM sbumpxs 103 aanjeaadus)
910YSIeaU JaMO] [UR SITITUTIES BINSILHU
Jaybry Jetprauos UT IINSa1 spulm A11931SRd
‘esen uwoobey uado sy3 03 JefIUNS a3U
-trew ® ur *3I5Ed oYY uniy Arueuruopaad
spuTm \Itm 2anbTy BSIY3I Uyl pelemsnily
2IP SUOTITPUCO Jauuns uesy] - so[dwexs se
Keg soiod pue voobep unbuy Buisn uoobet
bursind e 103 393EM 2a0ysaeau pue uocobey
jo sbueyoxa syz wvO 85309332 1EPTI [UE
PUIM POUTQUXO 9y} sajexIsn{if o1 oInbig

suoobe] buysing +z°g

suoobe] vosding O3 aeryuns
adXy uado 8y3 Jo TIe IsCAM[R BaR MOITRY
*3d O3 Ppuels] ad3aeg wWoOIj 3Iaojneag

waysam oyl uy suoobey oy  cAjruries
pue esanjeisduol yIOQ UT SBOUAIDIJIP
Itqrysa Asyy ‘spuim Arasijseva bLuranp
alTym 1eotluspy aq o3l Jeadde siajeEm
uoobe( pue aioysiaeau ‘1saamOYy ‘SpuUTM
Kaeasem burtang  3g1ys pumm dnage a3
a93je pue viojaq yloq sures syy ArRIvung
~xoadde aq 03 savadde ucober aipn ybthonpy
Jacdsuery Jajyem Jo 83jel Byl *SI97IVM
ailoysieau pue ucobeyr usamiaq (v13
~Ua12a331p pearesqE ue 2onpaad o3 ulfnq
ploam MO13 uoobel paemisom jue  spuim
uea JO JUSULYSTIqeISS8Y MYl  *(0'B ULOI3
02§ 938) SISO DS UL SI3FAU  [PIDADE
st @b se aq Awu o [Paap oS
uesul Ayl UY ISTI B UL JINSAT OS5 SLUTM
A1x@asam juaasisaag  cuoobuy oyy uy
J970M AJTUTRS-31RTUUIAIUT ULIFM IO FUn
JO 9DUPAIISUO [UR ([EDTIUIPT SWOIAC
siajem uccbel puw aioysarau se) sassww
J9j3em uwoobel pue aaoysarau burivwaay(e
an jo aoueraeaddesip an Aq porurduinooe
ST [EPSI2ADI QJUAIAND 3YL *d10|Sapau
oy} UJ s133uem toobPl aUTTIPE £S3T ‘WIvM
8} EPIOY PTHYM SINXXD §13IPM 9DPJINS JO
3Jodsuer) Sa0{SUD AU B AR [RAIIS(D ST
(Is®® oy3 01 us1IND) Ar1aises O3 Ao
~369M UD1J UOTIORITP JUDIANO USATIAP-FUIM
oy} Uf (esadaA81 © ‘(3IsRa 9y} O3 WO
—03aTp puIm) spuIm Ara1a3isam uvau Butang

—n

-



..1‘,.444 R e SRR AN S04

W e~ ws w v = = =

Lant SREL sodh AMEL e i SN e g

LZ-v

P4 L

(s/wm BYIS O

= j0uy 1)

*PUTM MN
% Of © Pue putM AN IY 01 © Butanp 3seco
vog Jjaojneeg 9y buote sjusmMO 80wy
-Ing ueal 2I0ysiesau pue uoobel sjeIISny
-1 (ez-11 s2xbry) sdew Bummo1103 2yy

‘puelsy aalaeqg
JO 3Isea ©Bg WIojneeg 8yl JO BUTTISEOD
a3 3o jusoaad g7 aano sseduoous sucobet
sbuepxa pejTuwyy osey, ‘suocober buysind
a3 Jo03 ueyy pejedioriue st sfueyoxs
aAny3Ioaape aaow ATqeaspisuod ‘IDADMOH
suoobey uado JOJ PoAlasqE ueiy} SSO1
Klqeaspisuco aq 03 pojoadxe sy ‘sbuetpxa
satIoaape Ltaand adusy ‘ybnoayimotld

-suoobey yeaneyxde], pue obep
"NTtewnpuQ  epnoutr  uorjeanbryuco  sT
Y3 suoobel eag jaojnesg U1s3sed 1310
*Aeg uojjeoaRUEg O3 dDURIIUS UTEW BYY
pue  ‘aoueriuld DTS ‘Icueaue  yeasyelg
!(MOTTRUS AT9ATIRT81 INQ I9PTM I3YI0 8Y)
'rdoop 931nb pue moireu suo  :sbutuado
oMy} 3O SASTSUCD ATTen3ok Yotym) Isam ayl
03 souenjus yedebeany spniout saouURIIUD
aofey *Aeg uopieoaewsg Afreuyy pue
‘voobe] ntempobutg ‘ucobey nytg ‘uwoobe]
yeisyefg (paemises Buyaow) Aq pemo{103
'uoobey yedebeany 8§ uocobep Jaoznesy
JO pus uwislsam Jey Oyl Y *Ua1aN0

axoysbuor a3 uDi1y si1aj3em 8y Jo o
-MOT3F UDATIP-pUIM 39U JO A3rtitqrssod
ayy burmorte ‘apmwm 83mnb sae sbujuado
ay3 Jo Teiraass Inq ‘wnpfuey sat buoge
poaInqialsip sbutusdo jo Jaqunu jiews
K1entirereax e sey (3oay Aor) uteyo pueist
Jataisq 8], ‘Cutelp puelsSt I9tareq @i1oys
-3J30 @BAISUSIXS ue \PTM sucobei moaaeu
Po3IodUUCOIdIUT  (leus  [easnss jJo poscd
-uo  Afrenjyoe  ‘(uoobery unfuy jJo 3sea)
voobe] 2a0jnesg st addy stya 3o ayd
-uexa uy +a1qissod ST £1a3eM DI0USIEHU
3o andybroxyny pejqupl Afuo 8duls uoobel
pbBueyoxa pojTWl Syl powual useq se
pessnosIp 2q 03 odAky ucobey 1eury oyl

suoobe] sbueyoxy pejmurry cgcg

suoobe] uosdurts Ut peAlasyo
Jajem uoobey pue saoysiesau jJo suIn)
-3ed fuijeuzalle eyl ooustiadxa Jou op
Keg sovod pue woobey unbuy jo aotasjuy
a3 ‘sucober Putsind 8y Lutasjua siIAIPM
a3 30 yEnamo13 I2U O S} BINY)Y ISHED
-og ‘(@61 ‘YTISUTA pue J93sTAUROwY)
sIny Te19As8 Ss° I(IIfT SE Ul anxoo
0} POAISSCD UBaQ dAYY SIPSIIASI JUIIIND
DIOYSIRON  °POAISEQO ST  INO-133EM-ULIPM
/Burxw/uy-191em-1000 3o 5309339 PBursird
8yl puR BI0YSJJO UIATIP BT J1I2]EM ULIPM ER

0

v m




S

el Sl At

Aty

ELAte DR /S il M Nale 0

Fa—

. Lt ‘ s . B | .
a . . - | - - - - . - . - . -l L

W " L. (D o an aeue Jt#!dtl-i g M e e o 4 " ———s . - - PPy v mme e ——
. . e . .

BC-¥

*JONVHIXI GILIWIT GNV ‘ONISINd ‘N3d0  :S3dAL NOOIV1 JiIsvE - g 3¥NI9I1A

(3ONYHIXI LIN3IYIND
JYOHSONOT QILIWIT) NOOOSVYT 3IONVHIXI d3LIWIT ¢ 3dAL
) Dot .du

C(LNIYYND FYOHSONOT OL 4G3SO0TI) NOOIVI 9INISINd °T 3dAlL

A ]

. ",

CIN3YIND FYOHSONOT 0L N3IJO) NOOOIVT N3dO

LUYOdSNVIL ONIM cmmpem
FONVHIXI IVQIL -~

e

o

AR ORI Y - PR, S MU . IO OSSO b DU

PSS




LO T MR M N TR o ol
B e e 'y e e ..L_. e e e ]
.._
4
6C-Y 1
a
NOO9V1 NNINV dNV AVE MONOdJ B
; SV HJONS NOOIYVT INISINd V NI SL123443 Ivdil ANV ANIM G3INIBWOD - 0Of 3¥N9T1 A
5
4
m L
» k
]
. s ]
’ ..v.. K
. 3 .
' s ¥
o [
_ ]
MOIVINI
ALTIVYS @100
SONIM H\
. MO14LINO _~ 8
. HSIIOVHE
s WHYM _;
w.
p -
] ‘
N SHILYM ¥3ddn 40 .
$ LHOdSNYYL IYOHSI40 _
3 )
3
3
b
2
s
-..
¢ aNIm
h_ e
4
-..
" 3 G - WP SONIN wneer SO i e Attt PO POPSRr W




l’ ." l'

DAL et el s/~ {
C e .
S f

T

T

-t

F Suh 2l Bl Wil £ dh gkl
- . o T

T T v e o

Ll | | T
N 62 PU¥ gz ssmbrg
TZete 9z soxnbrs
3 §Z PuR pZ seambry
i —_
= €Z puw zZ saanbra
1
17 gUe 0z seanbty]
] 6T PU® 8T SaxnbtJ|
- -
= P — -L—i sUuR 91 Saznﬁ';,_{_
" - ‘_g'[ pu® $T sazmbryg
- €T pu® T saxmbrg
i T
' G5
L
S 1
o
| i ! ]
g N
Q
~ ~ S @

N U SO U W S

139K

149K

FIGURE 11 - LOCATIONS OF CURRENT ESTIMATE CHARTS

FOR LAGOON AND NEARSHORE CIRCULATION.
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11.0 WINDS

Figure 50 shows the coastal areas of Alaska., Figure 51 presents the major
geographic areas along the Beaufort Sea coast. For this entire coastline,
which runs several hundred miles, long-term wind data is availaole from only
two sites, Point Barrow and Barter Island. This data collected every three
hours {s available from 1942 to the present. A source of wind data, over
shorter term, is from Prudhoe Bay, Alaska. This data covers the last fifteen
years. Other sporadic sources of data are available but because of their
nature cannot be used to develop climatological data vases. Hufford et al.
(1976) examined wind data from several sources and concluded that the most
apparent and consistent feature of the suyrface winds along the north Alaskan
coast is the persistence of easterly winds throughout the year (figure 52).
The cause of these pradominantly easterly winds {s the atmospheric high
pressure area centered over the Arctic in the eastern Beaufort Sea. The
generalized effect of this atmospheric system can be seen in the prevailing
wind directions for the Arctic Basin during both the mid-winter and mid-
summer months (figures 53 and 54). For both these time periods the
prevailing easterlies are apparent along the North Alaskan Coast. The
predominant easterly winds are punctuated dy westerly winds particularly
during the late summer and early fall, These westerly winds are more
apparent at Barter Island than at Point Barrow (figure 52). The westerly
winds are attributed to low pressure systems moving eastward over the Arctic
Ocean (figure 55). Searby and Hunter (1971) analyzed the winds at Barter
Island and Point Barrow and provided mean monthly wind speeds for sixteen
directions of the compass (tadbles 4 and 5), and the monthly percentage
frequency occurrence of wind directions for sixteen directions of the

compass (tables 6 and 7). The strongest winds occur from the east-northeast
and west directions during the late summer through the fall when low pressuyre
systems, discussed previously, reach a maximum in intensity and numbers.
Tadble 8 provides percentage fregquency of occurrence by speed groups of the
wind for each month and for sixteen directions of the compass for Point Barraw
and Barter I[sland, The predominant wind speed group on a monthly basis {is

4 to 12 miles per hour { ~2 to 6 m/s). The secondary wind speed group is

13 to 24 miles per hour (~ 6 to 10 m/s). These two speed groups account

for approximately 90 percent of the measured winds at Barrow and 80 percent
at Barter Island. Tavle 9 shows the frequency of occurrence of wind speed
and direction for Barter [sland. Table 10 provides further information on
the average winds in the Beaufort Sea for Point Barrow, Prudhoe Bay and Barter
Island. The mean wind speeds range between 4.2 and 6.8 meters per second
(~9 to 15 mph). Thus the energy of the winds on the average is not high.
However, more energetic winds can occur as indicated in taole 11,

Recent research work by Kozo (1980 and 1982) has investigated mesoscale
phenomena along the Beaufort Sea coast whicn affect the wind field which

fn turn is responsiole far near shore surface water movement. The phenomena
studied were mountain barrier baroclinicity and sea breeze forcing. I!lountain
darrier baroclinicity is a predominantly wintertime phenomenon caused hy the
8rooks Range. The basic cause of this phenomenon is a piling up of cold air
against the Brooks Range. This causes a pressure gradient which is favoraole
to west winds., The ultimate resylt is a 1800 surface wind shift along the
Alaskan Arctic coast between Point Barrow and 8arter [sland during moderate
wind conditions. Such shifts are not explained dby the National Weather
Service synoptic charts. KXozo (1980) indicates that this phenomenon is a

major physical process respansidle for the wintertime abundance of westerly
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winds from Prudhoe Bay to the east. Likewise the frequency of westerly winds
during wintertime {is less from Prudhoe Bay west to Point Barrow.

The sacond mesoscale phenomenon investigated by Kozo (1982) was sea breeze
forcing. This phenomenon results in a pressure gradient that accelerates the
movement of air from sea to land. Kozo's data indicates that the sea breeze
can dominate the surface wind direction at least 25% of the time during the
sumuer in a zone at least 20 km landward and 20 km seaward of the coast.
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FIGURE 53 - PREVAILING WIND DIRECTIONS IN THE ARCTIC BASIN

DURING THE MID-WINTER MONTHS
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MEAN MONTELY WIND SPEED VALUES FOR SIXTEEN DIRECTIONS OF THE COMPASS
BARTER ISLAND

\ats amut oo st gt S AR S

Table 4

Lo g s are arn i T e

BARTER ISLAND WIND SPEED ~ MEAN VALUES

(IN METERS PER SECOND)

J F M A M J J A S 0 N D
N 2.7 2.9 2.2 2.6 2.4 2.3 2.5 2.6 3.2 3.8 2.6 2.5
WNNE 3.0 2.5 2.9 2.9 2.6 2.7 2.7 2.9 3.2 4.2 3.2 2.9
NE 3.8 3.9 3.9 4.2 4.1 3.4 4.0 4.2 4.9 T4 59 4.2
ENE 6.4 6.0 7.1 6.3 5.8 5.7 5.4 6.4 6.6 9.0 ./ 6.6
E 6.9 6.6 6.8 6.5 7.0 6.2 5.7 7.0 7.1 10.C 8.7 7.7
ESE 4.5 5.1 5.0 4.9 5.2 5.2 4.7 4.8 5.5 5.9 ° 5.0
SE 4.2 3.0 3.3 3.7 3.2 3.7° 3.2 3.5 4.6 6.2 3.6 3.3
SSE 5.0 2.9 3.0 35 2.6 2.9 3.3 3.0 3.1 3.0 2.8 3.1
s 3.6 3.2 3.1 3.6 3.3 2.6 3.2 3.1 3.2 3.5 3.3 3.
ss¥ 3.2 3.2 2.9. 3.0 2.8 2.7 33 3.3 3.3 3.6 3.6 3.5
Sw- 3.9 3.9 3.8 3.7 3.8 3.3 3.8 4.3 4.1 L2 4.1 4.0
Ws¥ 8.0 6.2 5.2 4.9 4.4 5.1 5.8 5.9 6.3 6.9 6.0 6.1
¥ 9.7 1.0 8.5 7.9 6.3 5.4 5.7 5.7 7.2 8.7 8.1 8.6
ww 7.7 9.1 7.1 6.9 5.5 4.6 5.0 4.9 5.4 7.1 6.9 7.3
W 4.0 4.3 3.1 3.5 3.0 3.1 3.2 33 3.9 5.2 4.8 4.8
we 3.7 2.5 2.8 2.8 2.9 2.6 2.7 2.8 3.2 4.1 2.8 1.0

MONTHLY AVERAGE SPEED
6.6 6.5 6.0 5.5 4.4 4.7 4.6 5.2 5.6 6.8 6.5 6.1

B-11




v 7 v I¥
L. A

——————r

| e e gn e

Table 5

MEAN MONTHLY WIND SPEED VALUES FOR SIXTEEN DIRECTIONS OF THE COMPASS

POINT BARROW

BARROW WIND SPEED - MEAN VALUES
(LN METERS PER SECOND)

J F M A M J J A S 0 N D

N 4.6 3.8 4.6 4.6 3.7 3.8 3.7 4.1 5.6 6.1 6.1 4.2
NNE 4.3 4.1 5.8 5.4 5.3 4.4 4.6 5.3 6.0 6.8 6.1 4.8
NE 5.1 4.9 5.3 5.2 5.6 S.4 5.6 5.3 5.9 6.7 1.3 5.8
ENE 6.4 7.2 6.4 6.4 6.8 6.8 7.4 7.9 7.4 8.0 9.0 7.3
E 6.4 7.5 6.0 6.6 7.6 7.6 6.8 7.9 7.5 8.1 7.5 6.2
ESE 8.1 6.7 6.4 7.2 7.0 7.3 6.9 7.0 7.2 6.3 6.2 5.
SE 5.5 4.2 5.3 5.4 6.1 5.6 6.0 5.4 5.2 5.2 4.9 4.0
SSE 4.5 4.0 4.6 4.9 3.9 4.7 5.9 5.3 5.6 5.0 5.6 3.5
S 4.2 4.5 6.4 5.2 4.1 4.6 5.7 5.2 4.9 5.9 6.0 4.2
ssw 5.3 6.2 5.2 6.4 4.9 4.6 6.3 6.8 6.1 6.1 7.5 5.9
S¢ 4.8 6.1 4.8 5.4 5.7 5.4 6.2 5.9 6.3 5.9 7.8 5.4
WSY 6.4 8.1 6.5 6.5 6.1 6.4 6.5 7.7 6.6 8.2 9.7 6.3
W 6.9 6.7 S.6 6.1 5.6 5.2 5.7 6.5 7.5 7.4 8.7 1.7
UNW 5.6 6.6 S.6 6.5 5.6 4.9 4.6 6.3 7.8 6.9 7.3 7.5
MW 4.8 5.5 3.9 5.2 3.8 4.5 4.6 5.8 6.6 5.9 6.9 6.1
NNW 4.9 4.6 4.3 4.2 4.4 4.3 4.1 5.4 6.0 6.4 6.5 4.2

MONTHLY AVERAGE SPEED
5.8 6.2 5.5 5.9 6.2 6.1 6.0 6.5 6.6 6.8 7.4 6.1
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Table 6 .
K MONTHLY PERCENTAGE FREQUENCY OF OCCURRENCE OF WIND DIRECTION FOR ’ k
- SIXTEEN DIRECTIONS OF THE COMPASS - BARTER ISLAND )
X | - E

BARTER ISLAND

WIND DIRECTION
(PERCENTAGE FREQUENCY OF OCCURRENCE)
F M A ul J J A S 0 N D

C

A4 4 5 .8 1.8 2.6 2.8 2.5 1.9 .9 .6 .9 -

BN T T ey
=

-

-t

3 NNE .5 .3 .7 .9 1,5 2.3 3.1 3.0 2.2 1.2 1.0 .S 1&
& NE 2.6 2.3 4.3 2.9 7.2 8.7 9.4 8.1 6.6 6.8 4.3 3.9 -
2 |
- ENE 10.8 10.6 15.2 13.9 20.1 23.6 21,2 19.8 15.0 13.0 16.2 14.5 4
»
L E 19.8 18.5 17.5 17.6 29,4 24,3 18.2 20,7 20.0 17,3 18.9 15.7
,
’ ESE 5.3 5.3 5.1 5.7 5.1 3.0 4.5 5.7 6.9 7.2 6.7 5.0
{ SE 3.9 1.1 1.7 2.1 1.1 °.,9 1.5 1.8 3.0 4.1 3.6 1.6 ]
- : »
g SSE .9 .6 .4 .8 .5 .5 .7 .9 1.0 1.2 1.0 .7
! S 1.9 1.7 1.5 1.9 .9 .7 1.5 1.4 1.8 4.3 3.3 2.1
SSW 2.2 2.4 2.2 2.0 1.2 .6 .7 1.2 1.7 6.1 4.5 4.2 .
( SW 10.3 8.9 9.2 7.0 4.6 1.3 1.4 1.8 3.1 7.4 8.0 12.0 *
3
{ WSW 12,4 13.3 12.2 11.6 3.9 3.7 3.6 3.7 6.4 8.1 9.4 10.7 }
y
! Wo19.1 24.9 21,3 20,5 10.2 9.3 11.0 11.2 13.6 11.8 13.4 19,5
‘. WNW 4.0 4.8 3.8 4.4 5.2 7.7 7.9 8.9 6.4 4.2 3.0 2.9 ’
4
{ N 1.1 .9 .9 1.4 2.6 4.3 5.0 4.5 4.0 1.9 1.1 1.7 B
¢ NNW .2 .1 .3 .6 1.3 1.8 2.0 2.2 1.7 .8 .4 L) '23
{ ]
= CALM 4.7 4.0 4.1 6.1 3.4 4.8 5.5 3.7 4.6 3.7 4.6 3.8 »
. PREVAILING DIRECTION UNDERLINED c
= ]
‘ ’
( :
’
(
{
X B-13
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TABLE 7 ]
MONTHLY PERCENTAGE FREQUENCY OF OCCURRENCE OF WIND DIRECTION FOR i‘
SIXTEEN DIRECTIONS OF THE COMPASS - POINT BARROW 1

BARRON

WIND DIRECTION
(PERCENTAGE FREQUENCY OF OCCURRENCE)

. A

J F " A H J J A S 0 N D

e
PR '
P T

N 3.9 3.4 50 3.7 21 25 43 43 37 20 31 2.6 .'"‘
NNE 3.8 2.5 4.8 53 3.9 3.6 6.1 55 59 37 2.0 3.9 1
N 6.2 10.1 11.9 9.4 9.9 6.5 58 54 7.4 83 7.8 1.2
ENE 14,3 17,4 16,0 12,3 22,7 13,4 157 9.4 16.2 17,2 23,4 27.7 ;J
E 8.2 15.0 12.9 11.4 19.7 10.2 12.9 12,0 14.3 16.8 11,7 15.2 :
ESE 11,4 7.9 9.1 11.3 13,6 17.4 9.3 11.4 13,9 12.0 7.1 6.3 E
S 5.4 3.7 54 6.0 55 52 53 48 4.7 86 59 4.3 ‘ ‘
ss€ 3.1 1.9 2.4 3.7 21 2.2 3.6 4.1 53 6.5 5.6 2.2 .
s 31 23 41 46 23 1.7 25 2.8 31 55 6.4 2.8 »
Ssw 5.2 2.3 4,7 50 2.3 20 32 38 28 43 60 3.0 .
s 5.4 3.1 3.9 4.4 2.9 31 52 41 2.8 3.0 3.4 3.1 ‘
WSW__ 5.9 2.9 3.3 45 3.4 85 9.5 7.7 27 2.6 31 2.7 !
W 7.6 9.5 57 57 2.4 6.4 65 89 46 2.2 3.7 4.9 ‘ “
WW 6.8 9.3 3.9 5.7 1.9 4.5 3.7 7.7 58 2.6 4,6 4.6 »
N 4.8 5.3 3.3 3.6 2.6 3.6 2.9 3.4 31 1.7 3,2 2.4
NNW 3.8 2.4 2.4 2.4 1.6 2.2 2.5 4.1 2.7 2.3 4.5 1.6
Calm 1.2 :

0.8 1.2 1.0 11 0.9 1.1 0.7 1.0 0.6 0.4 1,5

PREVAILING DIRECTION UNDERLINED
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TABLE 8

WIND-PERCENTAGE FREQUENCY OF OCTURRENCZ BY SPESD GROUPS
FOR POINT BARROW AND BARTZR ISLAND BY MONTH

EXTREME MONTHLY WIND SPETDS FOR BOTH LOCATIONS BY MONTH
(1 mph = 0.4470416 m/s)

BiNU « PodloNvAas rREQUERCT Ur OCCURIGHNCE 8Y orei=y anbUPS

L SARRUW I SARILR [SLANY 'nﬂan?(gfm

3

- 2 5 5T El L, 0~ 3 5 % s =

£ oeze: 5. 2_2_=00e o_s_ 2 3_=_E5(8xsE

S -2 «= 2% REME 5|3 - -5 ofF of o SES EE
Jan || 1.3 6.1 53.6 27.5 4.0 1.4 0.1 ||4.7 6.4 44.0 29.2 7.4 6.8 1.4 ||56 75
Feb 1| 0.8 7.5 53.4 31.2 4.7 2.3 0.1 ||4.0 5.3 43.2 32.8 6.9 6.2 1.7 ||58 65
Mar i) 1.2 5.8 60.3 30.3 1.7 0.1 0 |47 67 44.9 328 6.5 4.2 0.8 |58 “ 77
rii1.0 4.6 5.2 3.1 .3.8 0.3 0 |61 6.4 47.0 N2 56 35 0.2 (|82 2 s
May | 1.1 3.1 52.3 419 1.5 Q.1 0 |13.4 6.4 48.3 367 3.6 1.6 0 |[43 = s5
Jun}l 0.9 2.5 549 40.4 1.3 0 0 |14 6.2 539 | 1.6 0.3 O |l T 38
Jul || 1.0 3.6 52.5 42.0 0.9 0 0 |/ 5.5 58 S56.6 30.6 1.3 0.2 0 [/ 56 < 40
gll 0.6 2.7 83.6 377 4.2 1.2 O || 3.7 5.5 52.8 32.8 3.7 1.5 0.1 47 o 4§
Sep|l 1.0 3.1 46.1 46.4 3.0 0.3 0 |l 46 5.9 47.4 34.3 5. 2.2 0.4/ 56 78
oczil 0.8 2.7 49.2 40.6 5.5 1.2 O [|27 4.5 40.2 TS 9.8 7.5 0.4 55 ~ s8
Novil 0.3 2.8 43.4 42.2 6.9 3.2 0.2 4.6 5.9 42.0 3.0 9.0 6.6 0.8/ 63 & &
Dech 1.4 6.9 50.4 28.0 2.8 0.5 0 l3.0 6.8 45.3 3.6 6.9 4.0 1.0/l70 75
ye 1l 0.9 4.4 52.7 37.7 3.4 0.9 = {44 6.0 47.2 2.5 5.6 3.7 a.6ll70 7
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TABLE 10

4) AVERAGE WINOS IN THE BEAUFORT SEA AREA BY MONTH FOR POINT BARROW,
PRUOHOE BAY AND BARTER ISLAND

Sarrow Prudhoe Bay Barter Island

loatn Mean Speed Prevailing fean Speed Prevailing Mean Speed Prevailing

(m/s) Direction {m/s) Direction (m/s) Direction
January 5.1 ESE 6.8 W 6.6 ]
February 4.9 13 5.9 ] 6.3 ']
March 5.0 ENE 5.4 ] 6.1 W
April 5.1 NE 5.3 £ 5.3 |
May 5.2 ENE 5.2 £ 5.6 E
June 5.1 E 4.9 £ 5.1 ENE
July S.2 £ 4.7 E 4.7 ENE
August 5.5 E 4.2 € 5.2 £
September S.8 E 5.7 ¥ 5.9 €
Octaber 5.9 4 8.2 ] 6.5 E
Novemoer 5.5 E 6.4 " 6.7 £
Decemdber 5.0 E 5.4 ] 6.2 E
Annual 8.3 E S.4 E 5.9 €

b) EXTREME (ONE-MINUTE) WINDS IN THE BEAUFORT SEA AREA 8Y MONTH FOR
POINT BARROW, PRUDHOE BAY AND BARTER I[SLAND

Barrow : Prudhoe Bay Barter Island

Honth fiean Speed Direction Speed Direction Speed Direction
(m/s) {m/s) . (m/s)

January 2 E a ] 36 ]
Fedbruary 2 E 17 W 28 W
March 26 ¥ 17 ESE u v
Aprtl 18 Wsu 16 L] 2 ¥
May 17 WSW 15 £ 25 L
June 16 Sd 20 3 17 L]
July 16 W 14 W 18 WSW
August 16 ] ) W 20 W
Septemder 20 N 2 E is L]
Oczoder 25 W pal ENE 26 ¥
November 24 L] 18 £ 36 L]
December 25 WSd 26 W 32 L}
Maximse 26 d 26 ] 36 d

(FROM U.S. NATIONAL CENTER AND U.S. NATIONAL WEATHER SERYICE RECORDS)
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t 12.0 STORM SURGES

X Storm surges may occur with little or no warning. They are caused by the
wind pushing water towards the coastline thus causing a rise in sea level

at the coast. This rise in sea level can cause severe flooding along a

coastline., A orief description of storm surges was presented in section

A. This section provides a more detailed study of storm surge events and

a practical method for estimating how high the sea level might rise and
therefore how severe the flooding might be.

Surges are highest when there {s little or no ice (open water) nver the
ocean. Intensive storms can produce 12-foot (3.7 meters) surges over
almost any portion of the western and northern Alaska coasts. This seems
to be the upper 1imit of surges in most places. In ice-covered seas the
surge 1s usually less than J feet (~1 meter), A hazard associated with
jce-covered surges is the flooding of shorefast or bottomfast ice as the
rising water comes through the cracks in the ice. Another hazard is ice
push-up, which occurs when floating ice rises above shorefast ice and is
pushed on-shure hy wind or current forces,

T
. .

-

Finally, there {s the condftion were the sea {s ice covered, but the ice {s

relatively thin or unconsolidated. Some storms are capable of obliterating
¢ thin 1ce and thus creating an open water condition, Surges have exceeded 4
{ feet with these situations,

-

Autumn is the season for most storm surge flooding along the Beaufort Sea
coast. The most likely storm for a surge is one moving from west to east
wel)l offshore with the surge being caused hy the west to northwest winds in
the southwest quadrant of the storm,

rw —

The two worst recorded cases of coastal flooding were caused by fall storms.
One, in October 1963 (Section E, Case #4), had a surge of 12 feet (3.7 meters)
in Barrow and lesser surges from Point Lay to Barter Island. The other, in
September 1970 (Section E, Case #6), was judged to be as high as any previous
storm as determined by driftwood 1ines., The elevation of the highest driftwood
1ine varied from 4.5 to 11.2 feet (1.4 to 3.4 meters) above sea level. The
variation of height is partially due to differences in exposure, Since the

S onshore winds during the storm were from the west, eastern shores of stream
mouths, bays, etc., had higher surges than western shores., Figure 56 shows

,vﬁw-rr,.,

- the paths of meteorological systems which have caused large storm surge
€ occyrrences. Documentation of some of these events as well as others is F—ﬂ
' provided by Wise et al., 1981 (Section E). .
« '
!
< '
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12.1 RAPID MANUAL FORECAST FOR THE BEAUFORT SEA COAST

1. Favorable wind direction for surge formation measuring clockwise: 270
to 020 (°T).

2. If the wind is from a favorable direction determine the following from
meteorological forecasts:

a. The number of hours the coastal area will be subjected to the

favorable winds. The wind direction and speed should be reasonably constant
and not vary past the following limits:

(1) The wind direction or orientation of the {isobars does not change
direction at a rate greater than 150 per 180 nautical miles
and the total changes does not exceed 300,

(2) The wind speed does not vary more than 20 percent from the
average wind speed in the area of the direction fetch being

considered. Example: average wind is 40; acceptable range
is 32 to 48.

3. Using the wind speed compute the surge height from Figure 55, The surge

height is then adjusted for duration of wind speed, ice cover and barometric
pressure, .

a. If wind speed duration is less than:

(1) 3 hours reduce surge by 60 percent

(2) 6 hours reduce surge by 40 percent

(3) 9 hours reduce surge by 20 percent

(4) 12 hours reduce surge by 10 percent
(5) 12+ hours no reduction

b. If ice cover 1s less than:

(1) 1.5 tenths no reduction

(2) 3.0 tenths reduce surge by 20 percent (cumulative to above)

(3) 5.0 tenths reduce surge by 50 percent (cumulative)

(4) 10.0 tenths reduce surge by 75 percent (cumulative)

(5) Surges to 3 feet with 10 tenths ice cover have been reported
with ice to 3 feet thick between October and January,

¢c. Raise the surge height one foot for every 30 mb pressure increment
below 1000 mb in surge area.

The above surge prediction method contains some subjectively derived
information. Therefore it should not be used to predict an exact value

of the surge height, but rather, a general estimate of the potential
magni tude of a surge event,
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4. Example

A possible surge condition {s developing in the Prudhoe Bay region.
Predicted wind is 29007 at 38 knots, Using Figure 57 the surge height
is predicted to be 10 feet., Wind duration is forecast to be five hours.
Reduce surge by 40 percent (10 -4 = 6), Ice cover is 4 tenths. Reduce
surge by 50 percent (6 -3 = 3). Lowest pressure coincident with surge is
960 mo., Raise surge height 1.3 feet (3 +1.3 = 4,3), Estimated surge height
{s therefore predicted to be between 4 and 5 feet.

(1 foot = 0,3048006 m)
(1 nautical mile = 1.85326 Km)
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2-3 Qct, 1963, Barrow
. 5-7 0ct 1963, Barrow

. 15-17 Nov 1966, Barrow
. 20-25 Sep 1968, Barrow

o N —
.

5

6.
7.
8

.

Two additional surges not on the map:

26-27 Aug 1975, lcy Cape

17 Aug 1975, Icy Cape, negative surge
8-12 Oct 1972, Point Lay

25-26 Gct 1969, Barrow

one with a low center 1770 1789y

and 2nother caused by a large persistent high pressure area centered north
and east of the area,

~

FIGURE 56 - PATHS OF METEOROLOGICAL SYSTEMS THAT HAVE CAUSED
STORM SURGES (FROM BROWER, ET AL., 1977)
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FIGURE 57 - CURVE OF SURGE HEIGHT VS FREQUENCY OF OCCURRENCE FOR
STORM SURGES IN THE BEAUFORT SEA L
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13.0 WAVES

Wave action along the North Alaskan coast is innibited by the presence of the
pack ice and floating ice during periods of open water, The pack ice during
the summer and fall months may vary from only a few kilometers to 100 kilo-
meters offshore depending on meteorologic conditions, The pack ice reduces
the open water fetch and floating ice on open water areas reduces the

development of waves. The surface winds determine the prevailing direction
of the seas.

When ice conditions praovide an apprecianle fetch, the generally small sea
height conditions can be surpassed (tables 12-14). For the Western Beaufort
Sea area waves of greater than 30 feet (9.1 meters) were recorded for winds
from the east. Other wave occurrences of more than ten feet are indicated for
all of the areas along the coast, However, for all these areas the
tabulations of sea height versus direction indicate that over 85% of the time
sea height is less than 3 feet (~ 1 meter), For the nearshore area of Pingok
Island, Wiseman, et al. (1979), found that the most common nearshore wave
field had an energy peak at perijods between 2 and 3 seconds and a significant

wave height of 20 to 30 cm. These nearshore conditions are generally true for
the entire Beaufort Sea conast.

Taples 15-17 provide further information on sea height conditions in the
Beaufort Sea. For the western, central and eastern areas of the coast, sea

height values are provided for different wind speed groups for eight
directions of the compass,

Table 18 provides estimates of maximum sustained winds, maximum significant
waves, and extreme waves for various selected return periods.
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SEA DWRECTION

Table 12

SEA HEIGHT (FT) VS DIRECTION FROM 11 JULY 70 31 OCTOBER FOR THE
CENTRAL BEAUFORT SEA COAST
(FROM GATTO, 1980)

(1 foor = 0.3048006 m)

SEA HEIGHT
<3y | 3 | s 6.5 s 9.5 | N 13 14 16 |17+29 ) 30¢|YOTAL| %
N 2 2| o.2
.13 4 4 8 1.0
NE [ 1 [ LR
ENE 12 2 2 3% | 4.4
£ o8 Fe 2 %% | 11,5
£SE 2 » U | a2
SE 4 3 7 0.9
SSE [ . Ve | 17
s s 1 e| 07
S Sw 3 2 s o
Sw y 8.9
wsSw 2 3 3 Q.4
w 34 ? 4 43 3.5
wew k7Y 10 3 4 (S 2.7
Nw 37 s 3 1 1 | S9
NNW [ 2 7 8.9
caLM | 428 428 | 32.3
€ =18
C vb ]
1otaL| 706 | 77 132 2V 1| 1 i i "
% | 863 | 94 | LS | 2.6 | 01 | o1 T 1 L]
8-27

NP L OV RN

PN WY

.



$EA DIRECTION

Table 13

SEA HEIGHT (FT) VS DIRECTION FROM 11 JULY TO 31 OCTOBER FOR TEE
EASTERN BEAUFORT SEA COAST
(FROM GATTO, 1980)
(1 foot = 0.3048006 m)

SEA HEIGET
<3 ] 3 | 5 | 651 8 | 9571 &t | 13 | 14 | 16 |i7-29| 30+ (TOTAL| %
u «l [ i { ! s) 0.5
NNE 4l I | 4 0.4
NE 24 sl 2 dl 32
ENE 48 y 3 i 44
€ $? 4% 9 1" 10.4
€sE e 3 114 1.2
SE 4 » 2 1 13 1.4
ss€ 1 LI
s 3 3 [ (¥ ]
SSw 2 2 0.2
sw 3 1 ’| aa
wsw s ] 4 o4
w 13 . 2 2 431 4.0
wew b} y 23 2.4
poves 6] s 19 1.8
NNW 7| ] 2 o2
cALM | 496 | | . | 0% | 412
[ | | | |
C S | | |
ToTaL} 9%3 " w 1) ] | | 4 | | | 1048
o | 893} ws| 2] 6.2 ] I | | l
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| TABLE 15
. WIND SPEED AND DIRECTION VS. SEA HEIGHT FROM 11 JULY to 31 OCTOBER
- FOR THE CENTRAL BEAUFORT SEA COAST
C (FROM GATTO, 1980)
(1 knot = 0.5148 m/s)
{1 foot = 0.3048006 m)

WIND SPEED (KNOTS) AND DIRECTION

KR} -t e XK1 32 § =
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AEEEEEE R IHEEEEEE N REEEEEE R EEEE
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SEA HEIGHT (FEET)

SEA HEIGHT (FEET)

TABLE 16

WIND SPEED AND DIRECTION VS. SEA HEIGHT FROM 11 JULY to 31 OCTOBER R
FROM THE EASTERN BEAUFORT SEA COAST ]
(FROM GATTO, 1980)

(1 knot = 0.5148 m/s)

e R
. . e
a2 als 1‘44_.4_.

(1 foot = 0.3048006 m) )
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TABLE 17

WIND SPEED AND DIRECTION VS. SEA HEIGHT FROM 1 JULY TO 20 NOVEMBER ':;-_
FOR THE WESTERN BEAUFORT SEA COAST )
(FROM GATTO, 1980)

(1 knot = 0.5148 m/s3) -

(1 foot = 0.3048006 m) .
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TABLE 18
ANNUAL MAXIMUM WINDS AND WAVES FOR SELECTED RETURN PERIODS

eturn perigods tOr maximum sustained winds and for maximum significant and
extreme wave heights are presented in tabular form for the Beaufort Sea
coast. Sustained winds are winds averaged over a period of one minute;
the significant wave height is the average height of the highest one third
E of all waves (sea and swell) in view and the extreme wave height is an

3 empirical estimate of 1.8 times the significant wave height. The return

3 period (years) is statistically derived from empirical observations. It
estimates how often an extreme event may occur in a particular area. For
example, on the average the Beaufort coast can expect annual maximum
sustained wind speed to exceed 81 knots once in 100 years.

Return period Naximum sustained Maximum significant Extreme wave
years wind-knots wave-meters (feet) meters (feet)
5 57 10.0 (33) 18.0 ({59)
10 62 11.0 (37) 20.5 (67)
25 69 13.0 (43) 24.0 (78)
50 75 15.0 (49) 27.0 (88)
100 81 17.0 (55) 30.0 (99)
’
; “J
2
)
°
-
s
o
-
)
.
3 B-33
)
F
':.“" _ PR U D DT DU DRSPS LS b b

'
P Uy ST TN, N

N

P e




SECTION
ICE

e n el

o oag ta f0 sl N e




14.0. ICE ZONES

Three ice zones can be broadly defined for the southern Beaufort Sea.

].

2.

3‘

Fast ice zone - consists of seasonal ice which is an extension of
the land, because it generally remains immobile during the winter.
Its extension seaward varies but typically progresses to the 20 meter
depth contour by late winter, The ice is generally two meters thick.

Seasonal pack ice zone - begins at the edge of the fast ice and
continues out 100 to 200 km, There are often strong shear forces
within this ice 2one. It is mobile and often contains a large
percentage of first year ice. In this zone, the undeformed areas
of ice have an average thickness of approximately 2 meters.

Polar pack ice zone - mainly composed of thick multi-year floes.
This zone generally lies beyond the continental shelf. Approximate

ice thickness of the general terrain of old multi-year floes is 2 to
4 meters.
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Time

Late September
to early QOctober

Mid to late October

November to February

March to May

Late May to early June

Early to late June

June to August

August to September
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ANNUAL ICE CYCLE WITHIN THE NEARSHORE AREA
OF THE BEAUFORT SEA (AVERAGE CONDITIONS)

Event

New ice begins to form in open water, [ce forms

first adjacent to rivers and in coastal lagoons.

(During severe jce seasons this process can begin
as early as late August.)

The landfast ice sheet has formed and is

continuous. Areas of the ice are unstable because

of the thinness of the ice (particularly north of
the barrier islands).

The landfast ice area has thickened and become
more stable, particularly inside the barrier
islands. Some modifications of the ice sheet

occur due to ridging, incursions of older pack ice
north of the barrier islands, and grounding of ice

masses as they are driven ashore by the winds.

Ice has generally reached its greatest thickness,
Ice has its most stable period during this time.

Warming trend causes breakup of rivers and over-

flooding of ice by the rivers in the nearshore
zone,

Melt ponds begin to form on the ice, The {ce
begins to lose thickness and therefore weakens.
Toward the end of the period open water areas
begin to occur. These areas are generally along
the coast and around the barrier islands,
particularly the southern sides. Cracks in the
jce can be found both north and south of the
barrier islands.

Breakup of ice sheet continues. Significant open

water occurs within the barrier islands by mid to
late July.

Generally open water within the barrier islands.
Some ice masses remain within the barrier island
during severe ice years. QOpen water north of the
barrier island is dependent on the north-south
migration of the pack ice. Refreezing occurs.




15.2 FREEZING AND BREAKUP OF NEARSHORE ICE

Table 19 provides data on freezing and breakup of the nearshore ice field at
Point Barrow and Barter Island, As can be seen, yearly freezeup may occur
at Barter Island at any time between 20 September and 25 QOctober and at Point
Barrow at any time between 23 September and 19 December. Similarly, breakup
has occurred at Point Barrow as early as 15 June and as late as 22 August,

and at Barter Island from 22 July to 14 August. Freezeup and breakup are
at present unpredictable parameters.
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16.0 PACK ICE

In addition to the unpredictability of freeze-up and breakup is the erratic

movement of the pack ice. The pack ice can be driven toward the coast at
any time by a strong onshore wind. During severe ice seasons, i.e., 1975,
ships can be prevented from passing east or west along the Beaufort Sea
coast. During less severe seasons, the ice edge can retreat more than 50
kilometers offshore leaving a wide expanse of open water along the entire
Beaufort Sea coast. Because of the sporadi¢c nature of ice movement and
growth "average ice conditions" are difficult to ascertain. However,
Brower et al, (1977) prepared a comprehensive climatic atlas of the outer
continental shelf waters and coastal regions of Alaska. From their work,
diagrams of the extreme northern latitude and extreme southern latitude
of the pack ice edge can be shown for the period 1 July to 31 October
(figures 58-61). Additionally, the mean location of the ice edge has
been extracted for this same period (figures 62-65).

Satellite imagery has provided a method of obtaining more detailed information

of sea ice distribution, Barnes et al. (1976) used four years of Landsat
imagery to compile statistics on nearshore ice concentration relative to
the distance from the Alaskan coast for August, September and October
(figures 66-68). The lines indicate distance offshore in nautical miles,
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17.0 ARCTIC CHARACTERISTICS

The term Arctic is generally associated with ideas of cold, snow, ice and nign
latitudes, There are a numoer of commonly used definitions, each valid in its
own right depending on the particular function for which it was deveioped.
Definitions may use climate, conditions, or some other variaole to define the
polar areas. Several definitions using climate as a criterion are:

10

The area lying north of the boundary fixed by the isotherm of 500F
(109C) for the warmest month, or the isotherm of 149F (minus
109C) for the coldest month).

Areas having a mean annual temperature of 320F (QOC) or below.
A1l areas where the sum of the average temperature in degrees

centigrade of the warmest month plus one-tenth of the temperature of
the coldest month is less than 99C,

Regardless of the criteria used for the various definitions, there are certain
characteristics common to the region., These are:

o~ Ut WM~
L]

9.
10.
11.
12.
13.
14,

Short, cool summers,

Long, cold winters.

Low annual mean temperature.

Long periods of semi-darkness.

Periods of continual daylight and darkness.

Absence of forests. .
Freezing in winter of lakes, rivers, bays, and parts of the sea.
Scant precipitation,

Low ahsolute humidity.

Low evaporation rate,

Hoist soils when thawed.

Presence of permanently frozen ground.

High windchill factor.

High latitude position.
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18.0 SUNLIGHT

The Beaufort Sea coast receives a majority of its sunlight during the summer
months. The Arctic Circle separates the area to the north which receives
continuous sunlight for part or all of the summer and no sunlight during
part or all of the winter (figure 69). The length of the day during the
summer months is extended significantly if twilight is considered (figure
70). At latitude 700N, twilight occurs approximately 11% of the time

and therefore the yearly percentage of suniight and twilight is 63% at

the Arctic Circle latitude. These charts can be used to determine amount

of darkness if a winter response to a spill is necessary.
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19.0 TEMPERATURE

Temperatures in the Arctic, as one might expect, are very ¢old most of the
year. There are large differences in temperature between the interior and
coastal areas. In the interior during the summer days, temperatures often
climb to the mid 60's or low 70's and occasionally rise to the high 70's or
low 80's. Temperatures in the 90's are also recorded on rare occasions,

The Arctic coastal regions are characterized by relatively cool, short
summers, During the summer months the temperatures normally climb to the
40's or low 50's and occasfonally reach the 60's. There is almost no growing
season along the coasts, and the temperatures will fall below freezing during
all months of the year, At Point Barrow, Alaska, the minimum temperature
fails to fall below freezing on only about 42 days a year. Over the Arctic
Ocean the temperatures are very similar to those experienced along the coast;
however, the summer temperatures are somewhat colder.

Winter temperatures along the Arctic coast are very cold but not nearly so
cold as those observed in certain interior areas. Only on rare occasions does
the temperature climb to above freezing during the winter months. The coldest

readings for these coastal areas are in the -60's and -70's (degrees
Fahrenheit),

The air temperature alone is not the best indicator of how cold one feels if
there is any appreciable wind. Using wind speed and temperature the concept
of wind chill index or equivalent temperature can be derived (Arkin, 1971).
Table 20 shows a wind chill nomogram and a table of wind chill equivalent
temperatues which were prepared from the nomogram. To use the nomogram the
temperature and wind speed must be known. For example, assume the wind speed
is 10 mph and the air temperature is 209F., Move along the 10 mph line until
it intersects the 209F vertical line. Then move horizontally to the 4 mph
line and read the wind chill temperature vertically below this point. (Note:
The 4 mph 1ine is always used as the baseline to estimate the wind chill for
any set of wind speed and temperature.) (Example: The data line shows that
for a 209F air temperature and a 10 mph wind, the equivalent temperatures is
39F). The highlighted area of the wind chill equivalent temperature chart
shows the same resylt as the nomogram example,

Table 21 is another example of a wind chill chart, This chart gives the
approximate boundaries, for properly clothed persons, where wind chills
would be of 1ittle danger, considerable danger or very great danger.

The final temperature charts (figures 71 and 72) provide the percentage
probability of occurrence of free air temperature for all coastal stations
(North Slope) and percentage probabilty of occurrence equivalent chill
temperature developed for Barrow, Alaska (Searby, 1971) but valid for all
coastal stations (North Slope). The equivalent chill temperature chart
indicates the severity of the Arctic environment., Fifty percent of the
time during the months of November, December, January, February and March

the equivalent chill temperature poses considerable danger to properly
clothed pe~sons (table 21),
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WIND CHILL CHART DEFINING TEMPERATURES HAZARDOUS FOR

Table

21

PROPERLY CLOTHED PERSONS

WINDCHILL CHART

LOCAL TEMPERATURE C°F)
WIND SPEED (MPHY 32| 23| 14 5 - =13} ~22 | =31 | =40 | =49} 58
EQUIVALENT TEMPERATURE
CALM 32| 23| 14| 5| -4 -13]-22] =31| -40] -49 | -58
s 29| 20| 10| 1| -9| -18[-28| -37| <47 | 56| -65
10 18| 7| -4| -15[<26| -37|-a8|-59|-70| -81] -92
1s 13| =1] 13| =251 =37 | 49| -61] ~73| -85 | -97 |-109
20 7| <=6 19| ~32{ -44| ~57| -70{ -83| -96 |~-109 | =12}
2s <10 [ 24| =37 | =50 | =64 | =77 | -90 | -104 | =117 | =130
30 1| <13 27| 41| =54[=68| -82| 97| ~109 (=123 | ~137
as <1| 15| 29| =43 =57 | =71 -85 | 99 | -113 | ~127 | 142
40 <3| =17 =31] =45 | =59 [=74 | —87 | -102 | =116 | =131 | =145
4s <3| <18 | ~32| 46| =61|=7S| ~89|-104 | 118 | 132 | ~147
50 <4 | =18 | <33 ~47 | =62| =76| ~91|-105 | ~120| -134| =148

DANGER FROM FREEZING OF EXPQSED FLESH
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20.0 VISIBILITY

10 Two conflicting factors make the subject of visibility in the polar regions .
very complex. Arctic air being cold and dry, is exceptionally transparent and
because of this extreme ranges of visibility are possible. On the other hand,
there is a lack of contrast between objects, particularly when all distinguish-

able objects are covered by a layer of new snow, Limitations to visibility in
the Arctic are primarily blowing snow and fog.

h 1. Blowing snow. Blowing snow constitutes a more serious hazard to

. operations in the Arctic than in midlatitudes, because the snow is dry and
; fine and 1s easily picked up by gentle and moderate winds. Winds in excess
b of 8 to 12 knots may raise the snow several feet off the ground, and the

ﬁ blowing snow may obscure surface objects.
(

2. Fog. The two types of fog most frequently found in the polar
i regions are advection and radiation fog. Fog is found most frequently )
along the Arctic coastal areas during summers and usually lies in a belt 1
parallel to the shore. Tables 22 and 23 provide monthly percentage frequency
of occurrence of visibility and ceiling height for Barter Island and Point
p Barrow, ®
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21.0 PRECIPITATION

Precipitation amounts are small varying from 3 to 7 inches (~ 7 to 18 cm)
along the Arctic coastal area and over the ice pack. The climate over the
Arctic Ocean and adjofning coastal areas 1s as dry as some of the desert
regions in the United States. Most of the annual precipitation falls as snow

during the winter months. Precipitation statistics are found in taoles 24 and
25,
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22.0, CLIMATOLOGICAL PARAMETERS

Climatological parameters for Point Barrow and Barter Island are summarized in
tables 26-29.

4
s

[
L

AA.L.‘[

Db )

sk




A 4

-

Table 26 K
|
|
CLIMATOLOGICAL SUMMARIES FOR POINT BARROW AND BARTER ISLAND 1
(1 knot = 0.5148 m/s)
(1 inch = 2.54 em) -
BARROW, ALASKA (Alrpert Statiem), T1°18°N., 154%7'W, ; Lievanen (grevad) 22 fewt. 1
Aly smpersaire Precipitanon Humugicy Wing
°r) (inches) (> \ (imaes) Mesn swnber of deys J
{ - Suncise N
Nosmsl Extreme . 3 . . © ousset
- 13 € -
P H L 2 3 H - .
4 - - - 4 . k) 3 - - - - 4
i 5 3lsi< (71 € Py £: |3 g8 » : g lE :
41 g 3 < |9 <z g | ] -
HE 213 g |- » Pols |8 |3 35 | E5 | & |
5 = - g - i 3 ! Ey ] »a a0 K7 - g .
ije > (e lwl = 2 < |8 E ¢ | =2 E:‘, =313 3 5t '3 Il
3--§§§§=-;:=az-=az==s€ius§!s
- = - - - - 7] -
218 3|2 |=) 2% 5 Sl 53| 3¢ |28|33{ oz |0 |5 21E|=
{a) i L a 1]y 32 12 20 | n 7 41 17 41 | 3
oo lo g sl-2nel-as ety baglorelore] aqlesler | os! per (] 3 3 4 3 s ' 2
Ceb | 1l al-24 J1-07 97331706 1o 18+t 0 387 3.2 L A3 61 2.8 | =NF 3.3 12 10 4 * [:] 1
Mar.|. 7 g)-21.90-14 9'30 1-3270 12 V0. 281 1.6 1 ¢3¢+ 64 3.8 ) FNF s 01 la 10 3 ° 9
Ape. L 7 al- 1 7. 9. 3142 (.42310 10810377 1 8 ) 131 73 110.0 ' NP S 81 1 12 3 1 0 F
May | 3e.41 13,20 19 81¢3 =18 10 (310 30 ¢ [ 97 188 Ti03 "eng ' s 4 4 13 i . [
)T RETI 3.8t19 1025 10.82) 0+ 92 90 199 r 490 $ 3 22 4 . s 113 4
July | e 0! 33 30 39 2178 23l estons] o7 ieiee jr0.21¢ 9.3 3 T 2t [] . s }13 1
Aug. ! 4371 33,01 38 «[73 {20 (0. 00 10,831 0. 94 1 90 j1t.0 ' E 9.0 2 3 (D 10 . e tt
>p. | 39227 0l 0 €14 | P Lo 3 Ny g 9.3 H 13 3 )
(™ 3 0 d 1] 17 11a -i3 t0 . 00 . 4 11.3 | E [ ML) 1 4 3 () 1 o -
g.81- 8 9 7139 [-aqlo 27 i a1l 3 4 _i10.9 ' ¢ ) 4 10 ] ° 0 =
Owe. [» 4.3[-18.6{«10. 43¢ [-34|0.20 |0.28| 3. 68 | 43 [jo. ENE ° [] 9 e ) . » | 2
Yeur| 13.9 4.2 10.1]78 .58 |a. 21 j1.00({2%.0 |9 | 17 |10.3] 2 - [ ] 11} 184 (1] [ ] e |88
BAATER ULAND, ALASKA (Alrpert Stauocs), TOOW'N.. 143°I0°W. ; Ziovauca (greund) I8 feet. i
Alr wmpsramre Precipuation Hermidicy Wi N
ér.y (lnches) (perceat (uaces) Maan sunher of daye *
- Suarise '
Normal Estrame . 3 o | O sumser .
- ] E 3 - .
; ; s s g .—' E . L) .
-4 ] - - a - ] - - =
- 3 - 8 ec o Q .
13 lE|q 388 e (&35 |5 gf|.8|F ‘
il 2HE AR R TEEE -
- K} r - € K1 i é g zg Eg ] »3 2 s° . 1] » .
E| & 2 lela| = 2 . : : « =3 s z8(Se e > 3£ et |8 (=
a 'S IS 5 s H £ E . [ - e [ =3 SE =E = > 53 ] g >
S 1 Z(3 |5 122 513§ lsis|§|§5| 39 [Z3/[83|3|[(2|¢2/|;3a :
3| &8 |3 |& || 2|3 e« |la l 3] &35 as (eilz3lcleae i &3 | &2 £l
(a) 12 ] 1e 13 13 [1e] 14 13 13 3 13 13 13 12 13 12 113 )
LN R IR L NI R LR 3. 1ss | ¢ 11 [) () 2 3 (] 1 [
I BESRIEF W IRIV IS IS BEST R O F R RO ] 3 166 . & 12 W 3 1110 7 1 3 1 [)
Magr. | - § 31-22 11-18 31 3] (.90 3 361 0 ea 3 166 L & 1l W 39 ] 10 13 1 o
Apr. S N- 13 taia3 3710 1910371 22 713 ¢t 74 1107 | W 6 4 ? [ 13 ) 3
Mav | 28 3Lt 1. 33 31 A8 i-t¢' 3 3210 7G!t )0 /88 | 83 10 aif 8 31 3 3 F¥) 1 2 3
ene | a0 8L 0 20 i AT gl 0 a3l el s 190 ' 89 T Vi FNE 8t 32 1 28 1 0 o L1
Mv!no !nc‘ no:l'!‘zs 11 1. 171 04 |90 7 l!'tﬂt 19 3 10 L 10 - L] 19
Avge i 4e 40 36 01 39 20 %3 U 244 | 180 1 thf 1 ¥l | % 110 41 € 3 1 2 i1 | Q 13
200, 38 3 g1 v S Tise 391 13 2317 ! 1 30 0o e P46 } T i Ll
[T I AN TR RN TS TN FURSS IR ) a2 o [EN e 3
Nyl b bis ) 19 8031 810 3910 &3] &8 | 118 11290 F i 0 . . 13 ] ) o 3
o.g.|-o..'-n.c=-m.o,m -'.x|0.«|o.u 3.9 | o l 10 u.n‘w ’ ° [ [) ] ) i [} ]
Yoear| 1.0 4| 10.4]T2 -n[v.u|z.:: RN ED e l sl alir ] n 13 | o |14 '
e . e

0-20

B samom ol
P U W UINEPUENY SERS S




- Y

.....

= ——

MO ® e e ™ e
.
———— . — A
vIust| [t lee] [T T veijoraafuny o eerfecsrsijout]s (6 [y Jey [SY |9y 0° [0 [ Say !
{
carity grap A:L |7 Yyoi|u's |9 vsj TeiE]ecsijsrosjvregfotsyjrr ]t jo° o’ S T i
i
gsutl|ost| [y oo [T° | [sCoi]|ete |cred]era|srer|eceyfecvcjorezfst |9 |y or v || | aon L“
— ) i
e 307 EX 4 I U 0T e R KA I O G R R R R R G H._ﬁ s't]s [ |9 170 M
—_ — el s e e = — —— e e —f— —f— i
t4d 1418414 B (A (XL u* Ctiforor]s o]y st]ocozje-zrjs-stirotjrcrje-tje [s-otjoe §9 das XA
4 z = 4
14424 5 19 I e e O RN F R N I ERNTA OB RRCH FR R0 KO 8 B3 G 6 L XK KR I R I I ._
" (o) " ad
st o G B G O (R G A B v [ {safsafoalz v ier 1
> > > > I N . IR U DU A U N __
EA{8HINIIELS r {7 T m- RERIRAIIEIES HO KRR LR & R A CEA IR R X 9° fo | ung !
» .- » {
oIl =y [t | o7 o7 Fir )]st ecstjcejecsg)serjorve]s yezyzjey {9 jo°t 0| 4rm I~ *
- - ~ - 7._
ATt J_M; a1 o Fa P ol A 8 ER O A IR IR A R IRG EA I A G LR 1dy o
o (-4 g
CI ey v qmw_m.:ﬂ 7 T S e YR PR Y VR CROLE CRE G TR EX T R 0 o] | 1ed
[, ) [ ] G ) ]
Sl %4 At !m&;n.: KT tti|ote Jerecfveoe vt et oot yoe | (v | 4 vl e
ERAREIED R EE 31 R G 0 O G A R G T O N C N L R I
41— - e ——f —_— -4 - P - camr ] o | —————
TIElE HIRAHHIHEHEMRMHEHHHHHAEEEBEEEHBE
o] 3 alw I = < B B A o B a - 3 o » d e |lwn sl » ale - m
i B - B arjeyay sl~retlafgyp el Ay iy al- 2
3 AN 3 3 3 3 3 3
T uojega —_ —_
o) ‘31 azwy) uddy 12318 °11393Q
yigm *sqo nousg 10/pue nIga °8qo 10/pus ujey 10/pue sw101®
23vauadriay Supnogg sqous %03 alwuadiay noug Supreasy ujry -Jepunyy
(TL6T *YIINNH 9 AGUVIS HOUd)
(NOILVLS GNVINI NV) LVIH NV GNVISI ¥31yvd ‘MOYYVE INIOd 404 SNOILIGNOD H3IHIVIM 40 FONIHUNDIO0 40 AININOANA FOVINIOHAd
LT 319ey
- fy [ Sy . - T B S N_"W e e ..V.LI»IP»I?;!;I»I)I;I}I»I»E




T T w W - ® - = m -

—

Ty YT

0> suwdm

'L lc8C 08 27 SC 09T L't € 8T v 6°y jSTLst L9 8T W Z1 ¢ ¢ T 8 11 |*A
1°¢ [y'sy 6§ €% 0y yuy|8°L s ¢z JO°TIE £°8 ot (s (¢ a
9°¢ 10°¢9 %°¢ 8y 8°C o0°1Z 80T € 9°9 9°¢c Jooc 9°9 Yy €y ¥y U L N
9°g [9'€L €8 1y o¢ oIrjre or ¢t yet JTLe e €T v €1 6 6 1 o
€'6 Jo'sg 8°9 1T L°T 9y Uy t° 1° € jse Tt € % €t 8¢ IS |s
€6 [z°t8 s'8 8T @8°1T 'y |¥8 Y° £'s jo'o 1L ot o6 |v
z°9 JT°t9 €9 9°¢ 9% €CLI]9°6 %6 {00 L 9 % |r
€9 Jo'g9 o001 (°y Ty Terjruov 1 YT eyt it z 1L 9 9 €1 I % L1 T
v'9 f2z°st T°9 @z T 99 ¢ € 1°9 {ou°Ie ¥y°I1 ot s vt ¢ H
¢*c 1Ty 9t 'y Ty rTwwjery 90 Lt 0°C Jout (°Ct 0s 0§ v
o°'s ls'yc '8 @' s @sylee €080 o't {o'te s°tt 0S oS K
'y lé6°ve 9 @'y ¢ Yyos|is € 979 g-l Jo'sz Tl os 8y U 4
vy Jzoee € €9 Oy roesfectr 10 vy U ¢'¢ jo0°1C 8°6 sT §S Wt r
- > - 'S a3 Y B R0 - v v3lo " = = & u & = 3 =z |IF
kx| 5 T T % T|33:iRf 84 & |38 CE[ oL ¢ EENE
- - ﬂ. o0 S~ ~ % -3l W NN . 0 [ "
3% NET RN Pz duwl® © ° L
"< o 2 J (] n [+ gD
a 340D “a Ew » el
g A0S VIOL 40 SHINIL 2g Ag Vg
s TYV_H013W 3140931V : i oy ¥
T T T T T(SKO1IvRu3IsAauT T 1Aq pasned "Cju (> - 0 SADNL NI 34V AUTRE STTRUNIALVD
AT¥N NO Q4SVE) WIAVD __ _fqsa n/susqy Lpanon m - = = = = “sforiva83Sel Kfiadu” T T T T
ANS JO IDNI¥UNII0 40 JoN4duNDI0 30 E NO QaSve) FINAYMNDD0 40 AONinbIY4
AININDI¥S J9VINIDYId AONAAbIYA JOVINIOUAd 29VINIDNId TYY HOTIE SINIVA ATHINOR
¥3A0D ANS ALITIUISIA 1430 HONS
(wd %G°7 = youy 1)
(T£61 “¥IINAH T AGYVIS WOUL)
Moudve INIOd
HAAOD ANS ANV ALITIGISIA ‘HLJIQ MONS 40 FONINUNDID0 40 XONINdAY4 FOVINIOHIAd 0 SINTVA ATHINOW
87 2198}
t M ﬁf - m ot e L.k Y h’sh. ; l A Iy LL r )I'-.‘i - o Ly‘i_b.r 4 ‘ .i PR

D-22

S

e A e




0 > sueaum 4

0L 19°€ts 0°0f L°§ 0°6 LsTpjetr 9° 8°y 0° —8°C jjLodzJocotjc 6 € o ol Z T T L e[
g's louey €72 8§ ¥'§ vy fiece v v°9 1°z jlocie |yt 6 S¢ o0y 91 ° a
6°9 J1°9s st 9y ¥y 9ut jorrr ¢° $°9 ¢ JJecet |96 T 9y 92 9 v | n
z'0 [6°89 1°8 Ty ¥€ @y iite vYU 9% , 1°¢ |l vest Jes 8 o0z % ¢ 8 § Wt ]o
v'8 |68 cour 8y 6°C Tl |y 91 6° 8 eyt vce ot € Z Tz T v 6 st is]| s
¢ |z99 oet LS sy 9'6 [{rrer € 16tfleo |1 ¢« T € se}lv
6°L ] 6°SS €°ST €L 1°y ¢St eyt v 19tfiso |1 v T UL 18]
0’8 | 909 vyer 9 wu's TSt f[seer v r ety 2°s1 |9°¢ T 9 ot t @ 9 it € 9|r
€9 |scoe z'8 o'y Te TN flecor s g 0’6 lote [zoyrlz €1 BE ST Yt ¥y T T H
1°9 | 9°2y €°0T 99 9'S  8°yC |iy'0o1 6° 8°s t'e JJuocor jsterjor 9z 62 6 9 v
€°s |eve 66 €L €9 Ty |o'r1 T 0°6 0 LT Jjove fzerzjer oz Ly 61 1 H
z's Lyoe vt s v ey eyt 90 eyl o0 oz ([owr |9cerfe 8T 95 LT T i
£°¢ | 826 _9°¢ 9°9  9°S  y-iy Jl9cet w° (A4 9°t ote fesstjt z (e 1€ 6 f
>~ >» [ A. > & - -~ o [T} [TIR T o] (2] [l 31 B T ] [ ~ s W LS I 4 z X
531005 I % L I)dF ogd EF B TG PRI YT LR g o33
3% R o2 o8& of ™ el o alen
3x A Qv nag A oz o b T
o < I ] » 0 TFa
2 AXS TVIOL 40 SHIN3L (a3 G & Ve
8 |——auv no1am satwooaavo fi- e o% |3
. t4q p3med Tjm 1> " e o | _ _ SJIDNI_NI 34V H013] S3II¥QDILYD
(SNOTLVAYISHO ATHH NO a3sva) || £qea n/susqy Kiinoy TR (sxo1lvayiseo Amnon
¥3A0D KNS 10 3ONIUINID0 AoNaduND0 40 - T T T g NO d3svd) FONTHUNII0 40 AONINLI¥4
40 _AON3nb3IU4 ADVINIDUIL AONENbIYS IDVINIONIA JOVINITEId WY #0138 SAVIVA ATIUNOH
¥4A00 AXS ALITIUISIA 111430 PONS
(W2 46°7 = youy 1)
(TL6T “MAINAH 2 AGYVAS HOUA)
aNvIST ¥3Luvd
¥IA0D KNS GNV ALITIGISIA *‘HIJIA MONS 40 FONIWUNIIO0 40 AININDIYA FOVINIO¥IL JO SANTIVA RTHINOH
67 2198l
- @ r ..ﬁ;_;..L , »-»Lk»..» e L o, ®

PP N N

D-23




b

v T

——
)

23.0. CASE HISTORIES

The following fourteen case histories provide descriptive information for
severe storm surges between 1954 and 1977.

STORM PROFILE: 1

REGIONS: West Arctic

COMMUNITIES: Barrow

INCLUSIVE DATES: 17/9/1954 TO 18/9/1954

DAMAGE, Barrow: Water washed over the beach into camp, a helium tank from
Barrow village was moved almost to the point.

MAXIMUM SURGE: 9 to 10 ft in Barrow

DATA SOURCES: 8.0

STORM PROFILE: 2

REGIONS: West Arctic

COMMUNITIES: Barrow, Wainwright

INCLUSIVE DATES: 3/10/1954 TO 5/10/1954

DAMAGE: Minor damage. Wainwright had beach erosion, goods were moved from
store, and a scow was washed 4 miles to east and buried in sand.

MAXINUM SURGE: 9.5 ft

COMMENTS: Only known reference is by Hume. The 1954 storm was the strongest
prior to the October 1963 storm.

DATA SOURCES: 8.0, 5.0

STORM PROFILE: 3

REGIONS: East Arctic

COMMUNITIES: Barter Island

INCLUSIVE DATES: 19/8/1957 TO 21/9/1957

DAMAGE: Road damage, 4,400 barrels of fuel washed away. Part of runway
undermined. Navy LST ran aground.

MAXIMUM SURGE: 6-12 ft

DATA SQURCES: 8.0

STOR!4 PROFILE: 4

REGIONS: West Arctic, Colville, East Arctic

COITAUNITIES: Barrow, Barter Island, Point Lay, Wainwright

INCLUSIVE DATES: 3/10/1963 TO 3/10/63

DAMAGE: $3 million to Barrow. 15 homes plus 15 other buildings and contents,
4 airplanes, freshwater supply contaminated with sea water, electrical
generating plant received $100,000 damage. Sediment transport was the
equivalent of 20 years normal transport. Water depths 2 ft at ARL Laboratory,
3.5 ft in other areas. Wainwright 50% flooded, 4 ft water to top of bluff,
MAXIMUM SURGE: Barrow 11-12 ft; Barter Is. 5.5 ft; Pt. Lay 9 ft; Wainwright
4 ft

COITIENTS: A deepening low pressure center 995 to 980 mb moved from 74N 163W

to 74N 120W at 25-30 knots in 24 hours. Surge developed in west to norihwest
flow, south of storm.

DATA SOURCES: 8.0, 5.0, 3.0
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STORI4 PROFILE: 5

REGIONS: Western Arctic

COITIUNITIES: Barrow, Pt. Barrow

INCLUSIVE DATES: 21/9/1968 TO 24/9/1968

DAMAGE: $50,000. Road between Barrow and city dump (3 mi) eroded severely
and a bridge damaged.

MAXIMUNM SURGE: 8.5 ft

COMIENTS: A storm moving west to east at 15 kts, 200 miles north of Barrow,
brought 25 ft waves offshore

DATA SOURCES: 1.0, 3.0, 5.0

STORM PROFILE: 6

REGIONS: West Arctic, East Arctic

COMMUNITIES: Oliktok, Prudhoe Bay, Barrow

INCLUSIYE DATES: 13/9/1970 TO 13/9/1970

DAMAGE: Oliktok lost several hundred ft of runway, driftwood lines indicated
a surge of approximately 3 meters.

MAXIMUM SURGE: 3 m at Oliktok; 3 m approx. at Prudhoe; 2.4 and 3 m at Herschel
COMENTS: No weather reports except Barrow. Winds from reference: 0liktok

80 km/hr (50 mph); Deadhorse 46 km/hr; Cape Haklett 130 km/hr (estimated).
DATA SOURCES: 18.0

STORM PROFILE: 7

REGIONS: East Arctic

COMMUNITIES: Prudhoe Bay

INCLUSIVE DATES: 28/11/1970 TO 28/11/1970

COMMENTS: Storm center causing flooding 27/11/70 at Kotzebue curved near

Barrow to move east at 25 kt to 72N, 45W at 28/1200Z.
DATA SOURCES: 15.0

STORM PROFILE: 8 .

REGIONS: East Arctic

COMAUNITIES:

INCLUSIVE DATES: 2/9/1972 T0 2/9/1972

MAXIIMUM SURGE: 3.8 ft

COMMENTS: A 996 mb low pressure center moved from west to east 200 nmi north

of the coast. Surge occurred in northwesterly flow southwest of the storm.
DATA SOURCES: 6.0

STORM PROFILE: 9

REGIONS: East Arctic

COMMUNITIES:

INCLUSIVE DATES: 27/9/1972 TO 27/9/1972

COMMENTS: Ship at MSQ 268/13 reported 14 kts W with 5 ft waves, 5 sec.

period. Same ship next at MSQ 268/12 at 2100Z 9-28-72 reports wind 15 kts W,
with 15 ft waves 6-7 sec. period.

DATA SOURCES: 15.0
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STORM PROFILE: 10
REGIONS: West Arctic
COMUNITIES: Point Lay

- INCLUSIVE DATES: 9/10/1972 T0 10/10/1972

COMMENTS: A 980 mb low pressure system moved from 62N 1774 to 74N 153W at 25

knots in 36 hours. Surge occurred with southwest winds in the southeast
quadrant of the storm.

DATA SOURCES: 4.0

STORM PROFILE: T

REGIONS: East Arctic

INCLUSIYE DATES: 5/1/1974 TO 7/1/1974

COMMENTS: Maximum winds on record at Barter Island occurred with an estimated

990 mb low pressure center moving west to east 300 nmi north of the Beaufort
Sea coast.

DATA SOURCES: 6.0

STORM PROFILE: 12

REGIONS: West Arctic, Colville, East Arctic

INCLUSIVE DATES: 26/8/1975

DAMAGE: Unknown

MAXIMUM SURGE: 9.5 ft

COMMENTS: The 1975 Prudhoe Bay Sealift fleet was stopped for several days.
One barge in the fleet went aground. Driftwood line indicated surge height of

9.5 to 10.0 ft in places. Surge heights highest in sector 1 determined by
driftwood lines (Reimnitz and ﬂaurer)
DATA SOURCES: 3.0, 4.0

STORI PROFILE: 13

REGIONS: West Arctic

COMMUNITIES: Icy Cape

INCLUSIVE DATES: 26/8/1975 TO 27/8/1975

DAMAGE: High water and flooding at Icy Cape

HAXIMUM SURGE: Unknown

COMMENTS: The remains of tropical storm Rita moved north/northeast at 30-35
kts from 67N, 1744 to 77N 149W in 12 hours.

DATA SOURCES: 4.0

STORM PROFILE: 14

REGIONS: West Arctic

COMMUNITIES: Barrow, Barrow Gas Wells

INCLUSIVE DATES: 29/12/1977 To 30/12/1977

DAMAGE: On the morning of December 30, rising water lifted the pack ice at
Barrow and wind drove it as much as 30 yds inland. Barrow gas well runway
partially flooded with 6 to 18 in of water rising through a crack in the ice.
MAXIMUM SURGE: 3.5 ft

COMENTS: A storm moved north at 40-50 knots from the Aleuytians thru Bering

Strait to northwest of Barrow, Southwesterly winds along the Chuckchi coast
persisted 12 hours.

DATA SOURCES: 5.0, 3.0
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